a2 United States Patent
Alphey

US009121036B2

US 9,121,036 B2
Sep. 1, 2015

(10) Patent No.:
(45) Date of Patent:

(54) EXPRESSION SYSTEM FOR INSECT PEST
CONTROL

(75) Inventor: Luke Alphey, Abingdon (GB)

(73) Assignee: Oxitec Limited, Abingdon (GB)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 602 days.

(21) Appl. No.: 10/566,448

(22) PCT Filed: Jul. 28, 2004

(86) PCT No.:

§371 (),
(2), (4) Date:

PCT/GB2004/003263

Apr. 18, 2006

(87) PCT Pub. No.: W0O2005/012534
PCT Pub. Date: Feb. 10, 2005

(65) Prior Publication Data

US 2007/0056051 Al Mar. 8, 2007
(30) Foreign Application Priority Data

Jul. 28,2003  (GB) ccovvrieieneencicneei 0317656.7

(51) Imt.ClL

CI2N 15/00 (2006.01)

AOIK 67/00 (2006.01)

CI2N 15/85 (2006.01)

AO0IK 67/033 (2006.01)
(52) US.CL

CPC ... CI2N 15/8509 (2013.01); A01K 67/0333

(2013.01); CI12N 15/85 (2013.01); A0IK
2217/05 (2013.01); A0IK 2217/20 (2013.01);
AOIK 2227/70 (2013.01); AOIK 2227/706
(2013.01); A0IK 2267/02 (2013.01); CI2N
2830/007 (2013.01); CI12N 2830/008 (2013.01)
(58) Field of Classification Search

CPC ..ccvvvvrerinenn AO01K 2217/05; AO1K 67/0271

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,254,801 A 10/1993 Dotson et al.
5,278,057 A 1/1994 Jorgensen
5,670,353 A 9/1997 Ahlquist et al.
5,674,747 A 10/1997 Hammock et al.
5,773,697 A 6/1998 Tomes et al.
5,851,796 A 12/1998 Schatz
5,977,441 A 11/1999 Oliver et al.
6,200,800 Bl 3/2001 Choulika et al.
6,338,040 Bl 1/2002 Buman et al.
6,962,810 B2  11/2005 Fraser et al.
7,998,475 B2 8/2011 Alphey
8,124,404 B2 2/2012 Alphey

2003/0150007 Al*
2003/0213005 Al
2004/0082032 Al
2005/0221430 Al
2006/0212949 Al

8/2003 Savakisetal. .................. 800/21
11/2003 Alphey et al.

4/2004 Bovi et al.
10/2005 Prentice

9/2006 Alphey

2006/0242717 Al
2006/0275276 Al
2007/0056051 Al
2008/0115233 Al
2009/0170793 Al
2009/0183269 Al

10/2006 Alphey
12/2006 Alphey
3/2007 Alphey
5/2008 Alphey et al.
7/2009 Gaur
7/2009 Alphey

FOREIGN PATENT DOCUMENTS

EP 0636310 2/1995
EP 0955364 A2 * 11/1999
GB 2355459 4/2001
WO WO-90/08830 8/1990
WO WO0-94/03619 2/1994
WO WO-96/04393 2/1996
WO WO0-96/24605 8/1996
WO WO0-97/30162 8/1997
WO 98/08960 3/1998
WO WO0-99/10488 3/1999
WO WO 00/73510 Al * 12/2000
WO WO 01/39599 6/2001
WO WO 01/59088 8/2001
WO 01/91802 12/2001
WO 02/46444 6/2002
WO 02/101061 12/2002
WO 2004/044150 5/2004
WO 2004/098278 11/2004
WO 2004/108933 12/2004
WO 2005/003364 1/2005
WO WO 2005/012534 2/2005
WO 2007/091099 8/2007
OTHER PUBLICATIONS

Loukeris et al (PNAS, 92: 9485-9489, 1995.*

Horn et al (Dev Genes Evol, 210:623-629, 2000.*

Gossen et al (Tetracycline in Biology, Chemistry and Medicine, pp.
139-157,2001).*

Fussenegger et al (Biotechnol Prog, 13: 733-740, 1997).*

Pane et al (Development 129: 3715-3725 (2002).*

Alphey et al. (May 2002) “Dominant Lethality and Insect Population
Control,” Mol. Biochem. Parasitol. 121(2):173-178.

Bieschke et al. (Jun. 1998) “Doxycycline-Induced Transgene
Expression During Drosophila Development and Aging,” Mol. Gen
Genet. 258(6):571-579.

Chen et al. (Oct. 2000) “The Use of Modified Tetracycline Regula-
tory Expression System with Reduced Basal Level to Develop and in
Vivo Biopesticide Expression System,” Food Sci Agricult. Chem.
2(4):220-225.

Emst, U. (1991) “Regulation of Sexual Differentiation in
Drosophila: Alternative Splicing of the Transformer Primary Tran-
script Requires Masking of the Non-Specific Acceptor Site in
Females,” Inaugural Dissertation, Aus Frankfurt / Main, BRD
(Abstract Only).

(Continued)

Primary Examiner — Anoop Singh
Assistant Examiner — David A Montanari
(74) Attorney, Agent, or Firm — Morrison & Foerster LLP

57 ABSTRACT
Promoters active in insects can be enhanced by positive feed-

back mechanisms and associated with repressible lethal
effects.

17 Claims, 16 Drawing Sheets



US 9,121,036 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS
Heinrich et al. (Jul. 18, 2000) “A Repressible Female-Specific Lethal
Genetic System for Making Transgenic Insect Strains Suitable for a
Sterile-Release Program,” Proc. Nat. Acad. Sci. USA 97:8229-8232.
Hofmann et al.(1996) “Rapid Retroviral Delivery of Tetracycline-
Inducible Genes in a Single Autoregulatory Cassette,” Proc. Nat.
Acad. Sci. USA 93:5185-5190.
Horn et al. (Jan. 2003) “A Transgene-Based Embryo-Specific Lethal-
ity System for Insect Pest Management,” Nat. Biotechnol. 21(1):64-
70.
Louis et al. (Nov. 2003) “A Theoretical Model for the Regulation of
Sex-Lethal, a Gene That Controls Sex Determination and Dosage
Compensation in Drosophila melanogaster,” Genetics 165:1355-
1384.
Saccone et al. (2000) “Sex Determination in Medfly: A Molecular
Approach,” In; Area-Wide Control of Fruit Flies and Other Pest
Insects, Tan, K.H. ed., Penerbit USM, Penag, pp. 491-496.
Shockett et al. (Jul. 1995) “A Modified Tetracycline-Regulated Sys-
tem Provides Autoregulatory, Inducible Gene Expression in Cultured
Cells and Transgenic Mice,” Proc. Nat. Acad. Sci. USA 92:6522-
6526.
Stebbins et al. (2001) “Tetracycline-Inducible Systems for
Drosophila,” Proc. Nat. Acad. Sci. USA. 98:10775-10780.
Stebbins et al. (2001) “Adaptable Doxycycline-Regulated Gene
Expression Systems for Drosophila,” Gene 270:103-111.
Thomas et al. (Mar. 2000) “Insect Population Control Using Domi-
nant, Repressible, Lethal Genetic System,” Science 287:2474-2476.
Wu et al. (Jun. 2000) “Expression of Highly Controllable Genes in
Insect Cells Using a Modified Tetracycline-Regulated Gene Expres-
sion System,” J. Biotechnol. 80(1):75-83.
Search Report Corresponding to Great Britain Patent Application No.
GB 0317656.7, Date of Search Nov. 25, 2003.
Search Report Corresponding to Great Britain Patent Application No.
GB 0621234 4, Date of Search Feb. 21, 2007.
Search Report Corresponding to International Application No. PCT/
GB2004/003263, Mailed May 11, 2004.
Examination Report for European patent application serial No. 04
743 590.4-121 dated Nov. 14, 2008.
EP First Office Action, dated Feb. 16, 2012, in Furopean Patent
Application No. 04743590 4, a corresponding application, 8 pp.
Fussenegger et al. (1998) “Regulated Multicistronic Expression
Technology for Mammalian Metabolic Engineering,” Cytotechnol-
ogy 28:111-125.
Fux etal. (2003) “Novel Macrolide-Adjustable Bidirectional Expres-
sion Modules for Coordinated Expression of Two Different
Transgenes in Mice,” J Gene Medicine 5:1067-1079.
Schwechheimer et al. (2000) “Transactivation of a Target Gene
Through Feedforward Loop Activation in Plants,” Funct Integr
Genomics 1:35-43.
Adelman et al., “Formation and loss of large, unstable tandem arrays
of the piggyBac transposable element in the yellow fever mosquito,
Aedes aegypti,” Transgenic Res (2004) 13(5):411-425.
Alphey et al., “Modeling resistance to genetic control of insects,”
Journal of Theoretical Biology (2011) 270:42-55.
Atkinson et al., “Genetic transformation systems in insects,” Annu
Rev Entomol (2001) 46:317-346.
Bello et al., “Spatial and temporal targeting of gene expression in
Drosophila by means of a tetracycline-dependent transactivator sys-
tem,” Development (1998) 125(12):2193-2202.
Beullens et al., “The isolation of novel inhibitory polypeptides of
protein phosphatase 1 from bovine thymus nuclei,” J Biol Chem
(1992) 267(23):16538-16544.
Beullens et al., “Inactivation of nuclear inhibitory polypeptides of
protein phosphatase-1 (NIPP-1) by protein kinase A,” J Biol Chem
(1993) 268(18):13172-13177.
Beullens et al.,, “Molecular determinants of nuclear protein
phosphatase-1 regulation by NIPP-1,” J Biol Chem (1999)
274(20):14053-14061.

Boudrez et al., “Identification of MYPT1 and NIPP1 as subunits of
protein phosphatase 1 in rat liver cytosol,” FEBS Letters 455 (1999)
175-178.

Burcin et al., “A regulatory system for target gene expression,” Fron-
tiers in Biosc. (1998) 3:c1-7.

Communication pursuant to Article 96(2) EPC for EP 00979774.7,
mailed Mar. 8, 2006, 4 pages.

Communication pursuant to Article 96(2) EPC for EP 00979774.7,
mailed Aug. 2, 2005, 4 pages.

Communication pursuant to Article 96(2) EPC for EP 00979774.7,
mailed Oct. 4, 2004, 4 pages.

Communication pursuant to Article 96(2) EPC for EP 00979774.7,
mailed Nov. 28, 2003, 5 pages.

Communication under Rule 51(4) EPC, directed to EP 00979774.7,
mailed May 9, 2007, 4 pages.

Decision on Further Processing for EP 00979774.7, mailed Jan. 29,
2007, 1 page.

Deng et al, “A targeted gene silencing technique shows that
Drosophila myosin V1 is required for egg chamber and imaginal disc
morphogenesis,” J Cell Science (1999) 112:3677-3690.

Devault et al., “Biotechnology and new integrated pest management
approaches,” Nature Biotechnology (1996) 14:46-49.

Egloff et al., “Structural basis for the recognition of regulatory sub-
units by the catalytic subunit of protein phosphatase 1,” EMBO J
(1997) 16(8):1876-1887.

Examination Report for NZ 519175, mailed Jul. 9, 2002, 2 pages.
Examination Report for NZ 519175, mailed Nov. 28, 2003, 1 page.
Fryxell et al., “Autocidal biological control: a general strategy for
insect control based on genetic transformation with a highly con-
served gene,” J Econ Entomol (1995) 88(5):1221-1232.

Fu et al., “Female-specific flightless phenotype for mosquito con-
trol,” PNAS (2010) 107(10):4550-4554.

“Gene Linkage and Genetic Mapping,” in Essential Genetics, Daniel
L. Hartl and Elizabeth W. Jones (eds.), (1999) Jones and Bartlett
Publishers, Sudbury, Massachussetts, pp. 126-127.

Golovnin et al., “The su(Hw) insulator can disrupt enhancer-pro-
moter interactions when located more than 20 kilobases away from
the Drosophila achaete-scute complex,” Mol Cell Biol (1999)
19(5):3443-3456.

Guo et al., “Species-specific signals for the splicing of a short
Drosophila intron in vitro,” Mol Cell Biol (1993) 13(2):1104-1118.
Harris et al., “Field performance of engineered male mosquitoes,”
Nature Biotechnology (2011) 29(11):1034-1039.

Inoue et al., “Binding of the Drosophila Sex-lethal gene product to
the alternative splice site of transformer primary transcript,” Nature
(1990) 344:461-463.

International Search Report for PCT/GB00/04541, mailed Dec. 5,
2001.

Jagiello et al., “NIPP-1, a nuclear inhibitory subunit of protein
phosphatase-1, has RNA-binding properties,” J Biol Chem (1997)
272(35):22067-22071.

Jin et al., “Mapping of the RNA-binding and endoribonuclease
domains of NIPP1, a nuclear targeting subunit of protein phosphatase
1,” Biochem J (1999) 342:13-19.

Krafsur, “Bionomics of the face fly, Musca autumnalis,” Annu Rev
Entomol (1997) 42:503-523 (Abstract).

Namciu et al., “Human matrix attachment regions insulate transgene
expression from chromosomal position effects in Drosophila
melanogaster,” Mol Cell Biol (1998) 18(4):2382-2391.

Nitasaka et al.,, “Repressor of P elements in Drosophila
melanogaster: Cytotype determination by a defective P element car-
rying only open reading frames 0 through 2,” Proc Natl Acad Sci USA
(1987) 84(21):7605-7608.

O’Brochta et al., “Gene vector and transposable element behavior in
mosquitos,” J Exp Biol (2003) 206(Pt 21):3823-3834.

Office Action in U.S. Appl. No. 10/556,804, mailed May 12, 2010, 8
pages.

Response to Office Action for U.S. Appl. No. 10/556,804, filed Nov.
12, 2010, 12 pages.

Office Action in U.S. Appl. No. 10/556,804, mailed Feb. 1, 2011, 4
pages.

Response to Office Action for U.S. Appl. No. 10/556,804, filed Mar.
25,2011, 9 pages.



US 9,121,036 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Office Action in U.S. Appl. No. 10/562,843, mailed Nov. 12, 2008, 6
pages.

Response for U.S. Appl. No. 10/562,843, filed Feb. 24, 2009, 13
pages.

Office Action in U.S. Appl. No. 10/562,843, mailed Jun. 9, 2009, 5
pages.

Response for U.S. Appl. No. 10/562,843, filed Oct. 5, 2009, 10 pages.
Final Office Action for U.S. Appl. No. 10/562,843, mailed Feb. 3,
2010, 5 pages.

Office Action in U.S. Appl. No. 10/562,843, mailed Jul. 30, 2010, 7
pages.

Response for U.S. Appl. No. 10/562,843, filed Nov. 30, 2010, 8
pages.

Office Action in U.S. Appl. No. 10/562,843, mailed Feb. 16,2011, 4
pages.

Response to Office Action in U.S. Appl. No. 10/562,843, filed Jun.
16, 2011, 9 pages.

Final Office Action in U.S. Appl. No. 10/562,843, filed Aug. 25,
2011, 5 pages.

Response to Final Office Action in U.S. Appl. No. 10/562,843, filed
Nov. 21, 2011, 6 pages.

Office Action in U.S. Appl. No. 11/352,177, mailed Jun. 10,2009, 14
pages.

Response for U.S. Appl. No. 11/352,177, filed Dec. 10, 2009, 20
pages.

Office Action in U.S. Appl. No. 11/352,177, mailed Apr. 14,2010, 15
pages.

Response for U.S. Appl. No. 11/352,177, filed Oct. 14, 2010, 13
pages.

Supplemental Response for U.S. Appl. No. 11/352,177, filed Oct. 21,
2010, 15 pages.

Supplemental Response for U.S. Appl. No. 11/352,177, filed Dec. 6,
2010, 4 pages.

Final Office Action in U.S. Appl. No. 11/352,177, mailed Mar. 16,
2011, 18 pages.

Response to Final Office Action in U.S. Appl. No. 11/352,177, filed
Sep. 16, 2011, 15 pages.

Office Action in U.S. Appl. No. 11/352,177, dated Jan. 30, 2014, 17
pages.

Response to Office Action in U.S. Appl. No. 11/352,177, dated May
28, 2014, 14 pages.

Office Action in U.S. Appl. No. 12/278,849, dated Oct. 10,2012, 12
pages.

Response to Office Action in U.S. Appl. No. 12/278,849, dated Apr.
10, 2013, 19 pages.

Final Office Actionin U.S. Appl. No. 12/278,849, dated Jun. 6, 2013,
24 pages.

Office Action in U.S. Appl. No. 12/278,849, dated Aug. 9, 2013, 22
pages.

Response to Office Actionin U.S. Appl. No. 12/278,849, dated Jan. 9,
2014, 21 pages.

Office Action in U.S. Appl. No. 12/278,849 dated Mar. 17, 2014, 24
pages.

Office Action for U.S. Appl. No. 13/942,601, mailed Nov. 4,2013, 16
pages.

Response to Office Action for U.S. Appl. No. 13/942,601, dated Feb.
4, 2014, 45 pages.

Office Action for AU 17165/01, mailed Jul. 13, 2004, 3 pages.
Office Action for CN 00818682.0, fax dated Feb. 4, 2005, 7 pages.
Office Action for IL 149885, dated Apr. 26, 2007, 4 pages.

Oxitec Nov. 2011 Newsletter, http://www.oxitec.com/our-news/
newsletters/november-2011-newsletter/, downloaded Dec. 13, 2011,
6 pages.

Parker et al., “Functional interaction between nuclear inhibitor of
protein phosphatase type 1 (NIPP1) and protein phosphatase type 1
(PP1) in Drosophila: consequences of over-expression of NIPP1 in
flies and suppression by co-expression of PP1,” Biochem J (2002)
368:789-797.

Phuc et al., “Late-acting dominant lethal genetic systems and mos-
quito control,” BMC Biology (2007) 5:11, 11 pages.

Rejection for CN 00818682.0, fax dated Jan. 26, 2006, 4 pages.
Request for Further Processing for EP 00979774.7, filed Jan. 4, 2007,
4 pages.

Response to Communication pursuant to Article 96(2) EPC for EP
009797747, filed Feb. 13, 2006, 8 pages.

Response to Communication for EP 00979774.7, filed Apr. 14, 2005,
7 pages.

Response to Communication for EP 00979774.7, filed Sep. 20, 2004,
8 pages.

Restriction Requirement for U.S. Appl. No. 11/352,177, mailed Jan.
13, 2009, 10 pages.

Response to Restriction Requirement for U.S. Appl. No. 11/352,177,
filed Mar. 13, 2009, 12 pages.

Restriction Requirement for U.S. Appl. No. 10/556,804, mailed May
28, 2009, 5 pages.

Response to Restriction Requirement for U.S. Appl. No. 10/556,804,
filed Jun. 29, 2009, 2 pages.

Restriction Requirement for U.S. Appl. No. 10/562,843, mailed Jun.
12, 2008, 6 pages.

Response to Restriction Requirement for U.S. Appl. No. 10/562,843,
filed Jun. 27, 2008, 2 pages.

Restriction Requirement for U.S. Appl. No. 11/352,177, mailed Mar.
31, 2008, 8 pages.

Response to Restriction Requirement for U.S. Appl. No. 11/352,177,
filed Jun. 9, 2008, 9 pages.

Restriction Requirement for U.S. Appl. No. 11/352,177, mailed Sep.
2, 2008, S pages.

Response to Restriction Requirement for U.S. Appl. No. 11/352,177,
filed Nov. 3, 2008, 8 pages.

Restriction Requirement for U.S. Appl. No. 12/278,849, mailed May
28, 2010, 7 pages.

Response to Restriction Requirement for U.S. Appl. No. 12/278,849,
filed Sep. 28, 2010, 13 pages.

Ronaldson et al., “Two independent cis-acting elements regulate the
sex- and tissue-specific expression of yp3 in Drosophila
melanogaster,” Genet Res. (1995) 66(1):9-17.

Second Office Action for AU 17165/01, mailed Mar. 21, 2006, 2
pages.

Second Office Action for CN 00818682.0, dated Jul. 28, 2006, 4
pages.

Simmons et al., “Field Performance of a Genetically Engineered
Strain of Pink Bollworm,” PLoS One (2011) 6(9):1-11.
Sondergaard et al., “Nutritional response in a Drosophila yolk protein
gene promoter,” Mol Gen Genet (1995) 248(1):25-32.

Spradling et al., “Transposition of cloned P elements into Drosophila
germ line chromosomes,” Science (1982) 218(4570):341-347.
Stadtfeld et al., “Without a trace? PiggyBac-ing toward
pluripotency,” Nat Methods (2009) 6(5):329-330.

Summary of Office Action for MX PA/a/2002/005337, mailed Jan. 3,
2007, 2 pages.

Van Eynde et al., “Molecular cloning of NIPP-1, a nuclear inhibitor
of protein phosphatase-1, reveals homology with polypeptides
involved in RNA processing,” J Biol Chem (1995) 270(47):28068-
28074.

Van Eynde et al., “Organization and alternate splice products of the
gene encoding nuclear inhibitor of protein phosphatase-1 (NIPP-1),”
Eur J Biochem (1999) 261(1):291-300.

Vulsteke et al., “Properties and phosphorylation sites of baculovirus-
expressed nuclear inhibitor of protein phosphatase-1 (NIPP-1),” J
Biol Chem (1997) 272(52):32972-32978.

Weinmann et al., “A chimeric transactivator allows tetracycline-re-
sponsive gene expression in whole plants,” Plant J (1994) 5(4):559-
569.

Wera et al., “Inhibition of translation by mRNA encoding NIPP-1, a
nuclear inhibitor of protein phosphatase-1,” Eur J Biochem (1997)
247(1):411-415.

Wharton et al., “CNS midline enhancers of the Drosophila slit and
Toll genes,” Mech Dev (1993) 40(3):141-154.

Wimmer, “Eco-friendly insect management,” Nat Biotechnology
(2005) 23(4):432-433.



US 9,121,036 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Wise de Valdez et al., “Genetic elimination of dengue vector mos-
quitoes,” Proc Natl Acad Sci USA (2011) 108(12):4772-4775.
Woltjen et al., “piggyBac transposition reprograms fibroblasts to
induced pluripotent stem cells,” Nature (2009) 458(7239):766-770.
Prosecution history for related U.S. Appl. No. 10/148,041, 64 pp.,
Dec. 22, 2010.

Prosecution history for related U.S. Appl. No. 11/733,737, 175 pp.,
Dec. 22, 2010.

Prosecution history for related U.S. Appl. No. 10/556,804, 27 pp.,
Dec. 14, 2010.

Prosecution history for related U.S. Appl. No. 11/352,177, 129 pp.,
Dec. 14, 2010.

Prosecution history for related U.S. Appl. No. 12/278,849, 20 pp.,
Dec. 14, 2010.

Prosecution history for related U.S. Appl. No. 10/562,843, 63 pp.,
Dec. 14, 2010.

Search Report corresponding to International Application No. PCT/
GB2007/000488, parent of the present application, Dec. 14, 2010.
Written Opinion corresponding to International Application No.
PCT/GB2007/000488, parent of the present application, Dec. 14,
2010.

International Preliminary Report on Patentability, corresponding to
International Application No. PCT/GB2007/000488, parent of the
present application.

Alphey et al. (2007) “Managing Insecticide Resistance by Mass
Release of Engineered Insects” J. Econ. Entomol. 100(5):1642-1649.
Arribas et al. (1986) “The ubiquitin genes in D. melanogaster: tran-
scription and polymorphism” Biochimica et Biophysica Acta
868:119-127.

Atkinson et al. (2000) “Hermes and Other AT Elements as Gene
Vectors in Insects,” In; Insect Transgenesis: Methods and Applica-
tions, Hadler et al. eds., Boca Raton CRC Press, pp. 219-235.
Blitvich et al. (2002) “Developmental- and tissue-specific expression
of an inhibitor of apoptosis protein 1 homologue from Aedes
triseriatus mosquitoes” Insect Molecular Biology 11(5):431-442.
Cabera et al. (2002) “Expression Pattern of Gal4 Enhancer Trap
Insertions Into the bric a brac Locus Generated by P Element
Replacement,” Genesis 34:62-65.

Carriere and Tabashnik (2001) “Reversing Insect Adaptation to
Transgenic Insecticidal Plants,” Proc. R. Soc. Lond. B. 268:1475-
1480.

Chen et al. (1996) “Apoptotic Activity of REAPER Is Distict from
Signaling by the Tumor Necrosis Factor Receptor 1 Death Domain”
The Journal of Biological Chemistry 271(42):25735-25737.

Davis et al. (2001) “Engineered Underdominance Allows Efficient
and Economical Introgression of Traits into Pest Populations,” J.
Theor. Biol. 212(1):83-98.

Elick et al. (1997) “Analysis of the Cis-Acting DNA Elements
Required for piggyback Transposable Element Excision,” Mol. Gen.
Genet. 255:605-610.

Emst, U. (1991) “Regulation of Sexual Differentiation in
Drosophila: Alternative Splicing of the Transformer Primary Tran-
script Requires Masking of the Non-Specific Acceptor Site in
Females,” Inaugural Dissertation, Aus Frankfurt / Main, BRD.

Fu et al. (2007) “Female-specific insect lethality engineered using
alternative splicing”, Nature Biotechnology 25(3):353-357.
Funaguma et al. (2005) “The Bmdsx transgene including trimmed
introns is sex-specifically spliced in tissues of the silkworm, Bombyx
mori”, Journal of Insect Science (online), 5(17):1-6.

Glooretal. (1991) “Targeted Gene Replacement in Drosophila Via P
Element-Induced Gap Repair,” Science 253:1110-1117.

Gong et al. (2005) “A dominant lethal genetic system for autocidal
control of the Mediterranean fruitfly”, Nature Biotechnology
23(4):453-456.

Gonzy-Treboul et al. (1995) “Enhancer-Trap Targeting at the Broad-
Complex Locus of Drosophila melanogaster,” Genes Dev. 9:1137-
1148.

Handler et al. (2001) “A Current Prospective on Insect Gene Trans-
formation,” Insect Biochem. Mol. Biol. 31(2):111-128.

Handler, A. (2002) “Use of piggyback Transposon for Germ-Line
Transformation of Insects,” Insect Biochem. Mol. Biol. 32:1211-
1220.

Heslip et al. (1994) “Targeted Transposition at the vestigial Locus of
Drosophila melanogaster,” Genetics 138:1127-1135.

Hondred et al. (1999) “Use of Ubiquitin Fusions to Augment Protein
Expression in Transgenic Plants” Plant Physiology 119:713-723.
Horn et al. (2003) “piggyBac-Based Insertional Metagenesis and
Enhancer Detection as a Tool for Functional Insect Genomics,”
Genetics 163(2):647-661.

Horn et al. (2002) “Fluorescent Transformation Markers for Insect
Transgenesis,” Insect Biochem. Mol. Biol. 32:1221-1235.

Imai, C. (1987) “Control of Insecticide Resistance in a Field Popu-
lation of Houseflies, Musca domestica, by Releasing Susceptible
Flies,” Res. Popul. Ecol. 29:129-146.

Johnson-Schlitz et al. (1993) “P-Element-Induced Interallelic Gene
Conversion of Insertions and Deletions in Drosophila
melanogaster,” Mol Cell Biol. 13:7006-7018.

Lankenau et al. (1996) “Comparison of Targeted-Gene Replacement
Frequencies in Drosophila melanogaster at the Forked and White
Loci,” Mol. Cell Biol. 16:3535-3544.

Munoz et al. (2004) “The AeAct-4 gene is expressed in the develop-
ing flight muscles of female Aedes aegypti”, Insect Molecular Biol-
ogy 13(5):563-568.

piggyBac website, http://piggybac.bio.nd.edu/, Mar. 21, 2006, 5 pp.
Robinson et al. (2002) “Mutations and Their Use in Insect Control,”
Mutation Research 511(2):113-132.

Rong et al. (2000) “Gene Targeting by Homologous Recombination
in Drosophila,” Science 288:2013-2018.

Rong et al. (2001) “A Targeted Gene Knockout in Drosophila,”
Genetics 157:1307-1312.

Russ et al. (1996) “Self-Deleting Retrovirus Vectors for Gene
Therapy,” J. Virol. 70:4927-4932.

Saccone et al. (2002) “Sex determination in flies, fruitflies and but-
terflies” Genetica 116:15-23.

Scali et al. (2005) “Identification of sex-specific transcripts of the
Anopheles gambiae doublesex gene”, Journal of Experimental Biol-
ogy 208(19):3701-3709.

Sepp et al. (1999) “Conversion of /acZ Enhanced Trap Lines to GAL4
Lines Using Targeted Transposition in Drosophila melanogaster,”
Genetics 151:1093-1101.

Shelton et al. (2000) “Field Tests on Managing Resistance to Bt-
Engineered Plants”, Nature Biotechnology 18(3):339-342.

Steiner et al. (1995) “Homologous Recombination as the Main
Mechanism for DNA Integration and Cause of Rearrangements in the
Filamentous Ascomycete Ashbya gossypii,” Genetics 140:973-987.
Wobus et al. (1990) “A New Transposable Element in Chironomus
thummi,” Mol. General Genet. 222:311-316.

Wool and Manheim (1980) “Genetically-Induced Susceptibility to
Malathion in Tribolium castaneum Despite Selection for Resis-
tance,” Ent. Exp. & Appl. 28:183-190.

Further Search Report for GB 9928181.8, mailed Apr. 30, 2001.
Communication pursuant to Article 94(3) EPC for EP 07 712 717.3,
mailed Jul. 11, 2014, 8 pages.

Alignment of SEQ ID No:22 of D1 (WO 2005/012534) with tTAV,
Jul. 4, 2014.

Restriction Requirement for U.S. Appl. No. 10/148,041, mailed Mar.
10, 2005, 5 pages.

Response to Restriction Requirement for U.S. Appl. No. 10/148,041,
filed Apr. 13, 2005, 10 pages.

Office Action for U.S. Appl. No. 10/148,041, mailed Jul. 1, 2005, 14
pages.

Response to Office Action for U.S. Appl. No. 10/148,041, filed Dec.
5,2005, 11 pages.

Final Office Action for U.S. Appl. No. 10/148,041, mailed Mar. 7,
2006, 9 pages.

Request for Continued Examination for U.S. Appl. No. 10/148,041,
filed Sep. 11, 2006, 8 pages.

Office Action for U.S. Appl. No. 10/148,041, mailed Oct. 10,2006, 8
pages.

Office Action for U.S. Appl. No. 11/733,737, mailed Apr. 10,2008, 8

pages.



US 9,121,036 B2
Page 5

(56) References Cited
OTHER PUBLICATIONS

Response to Office Action for U.S. Appl. No. 11/733,737, filed Oct.
10, 2008, 8 pages.

Restriction Requirement for U.S. Appl. No. 11/733,737, mailed Dec.
31, 2008, 9 pages.

Response to Restriction Requirement for U.S. Appl. No. 11/733,737,
filed Jan. 26, 2009, 8 pages.

Final Office Action for U.S. Appl. No. 11/733,737, mailed Apr. 17,
2009, 16 pages.

Response to Final Office Action for U.S. Appl. No. 11/733,737, filed
Jul. 17,2009, 26 pages.

Advisory Action for U.S. Appl. No. 11/733,737, mailed Aug. 5, 2009,
4 pages.

Request for Continued Examination for U.S. Appl. No. 11/733,737,
filed Aug. 14, 2009, 1 page.

Office Action for U.S. Appl. No. 11/733,737, mailed Oct. 1, 2009, 21
pages.

Response to Office Action for U.S. Appl. No. 11/733,737, filed Jan.
29, 2010, 23 pages.

Final Office Action for U.S. Appl. No. 11/733,737, mailed Aug. 4,
2010, 18 pages.

Response to Final Office Action for U.S. Appl. No. 11/733,737, filed
Dec. 6, 2010, 26 pages.

Office Action for U.S. Appl. No. 11/733,737, mailed Feb. 8, 2011, 6
pages.

Response to Office Action for U.S. Appl. No. 11/733,737, filed Feb.
18, 2011, 11 pages.

Office Action for U.S. Appl. No. 11/733,737, mailed Jun. 28, 2011,
14 pages.

Response to Office Action for U.S. Appl. No. 11/733,737, filed Oct.
28, 2011, 27 pages.

Office Action for U.S. Appl. No. 11/733,737, mailed Mar. 27, 2012,
17 pages.

Response to Office Action for U.S. Appl. No. 11/733,737, filed Aug.
9, 2012, 24 pages.

Final Office Action for U.S. Appl. No. 11/733,737, mailed Jan. 7,
2013, 26 pages.

Response to Final Office Action for U.S. Appl. No. 11/733,737, filed
Apr. 8, 2013, 25 pages.

Advisory Action for U.S. Appl. No. 11/733,737, mailed Jun. 3, 2013,
7 pages.

Notice of Appeal for U.S. Appl. No. 11/733,737, filed Jul. 3, 2013, 1
page.

Appeal Brief for U.S. Appl. No. 11/733,737, filed Feb. 3, 2014, 40
pages.

Examiner’s Answer to Appeal Brief for U.S. Appl. No. 11/733/737,
mailed Jul. 18, 2014, 12 pages.

Reply Brief and Request for Oral Hearing for U.S. Appl. No.
11/733,737, filed Sep. 18, 2014, 16 pages.

Final Office Action for U.S. Appl. No. 13/942,601, mailed Jul. 31,
2014, 23 pages.

Notice of Appeal for U.S. Appl. No. 13/942,601, filed Feb. 2, 2015, 1
page.

Notice of Allowance for U.S. Appl. No. 13/942,601, mailed Apr. 10,
2015, 11 pages.

Notice of Appeal for U.S. Appl. No. 12/278,849, filed Jun. 17,2014,
1 page.

Appeal Brief for U.S. Appl. No. 12/278,849, filed Oct. 16, 2014, 31
pages.

Office Action for U.S. Appl. No. 12/278,849, mailed Dec. 5, 2014, 15
pages.

Office Action for U.S. Appl. No. 12/278,849, mailed Mar. 10, 2015,
18 pages.

International Preliminary Examination Report for PCT/GB00/
04541, mailed Apr. 4, 2002, 2 pages.

Written Opinion for PCT/GB2004/002021, received Oct. 4, 2004, 5
pages.

International Search Report for PCT/GB2004/00202 1, mailed Oct. 6,
2004, 3 pages.

International Preliminary Report on Patentability for PCT/GB2004/
002021, issued Nov. 18, 2005, 6 pages.

International Search Report for PCT/GB2004/002869, mailed Jan.
11, 2005, 5 pages.

Written Opinion for PCT/GB2004/002869, received Jan. 12, 2005, 8
pages.

International Preliminary Report on Patentability for PCT/GB2004/
002869, issued Jan. 3, 2006, 9 pages.

Written Opinion for PCT/GB2004/003263, received Nov. 5, 2004, 5
pages.

International Preliminary Report on Patentability for PCT/GB2004/
003263, issued Jan. 30, 2006, 6 pages.

Final Office Action for U.S. Appl. No. 11/352,177, mailed Oct. 14,
2014, 6 pages.

Response to Final Office Action for U.S. Appl. No. 11/352,177, filed
Dec. 3, 2014, 8 pages.

Notice of Allowance for U.S. Appl. No. 11/352,177, mailed Mar. 17,
2015, 10 pages.

* cited by examiner



U.S. Patent Sep. 1, 2015 Sheet 1 of 16 US 9,121,036 B2

1 | |

tetO; minimal tTA coding region
promoter

other control signals not marked, e.g.
5°UTR, 3’UTR, intron(s), polyA

Fig.1

) B I (. —

Heterologous minimal  tetO; minimal tTA coding region
gene promoter promoter
B A

Fig.2



U.S. Patent

Sep. 1, 2015 Sheet 2 of 16 US 9,121,036 B2

I—_IWI | r—1 | I

ttO; minimal ORFl  IRES
promoter

ORF2
One ORF encodes transactivator

other control signals not marked, e.g.
5’UTR, 3’UTR, intron(s), polyA

i (adl Y

tet0;  minimal Fusion protein coding region
promoter

other control signals not marked, e.g.
5’UTR, 3’UTR, intron(s), polyA

Fig.3



U.S. Patent

Sep. 1, 2015 Sheet 3 of 16 US 9,121,036 B2

Sex-specific splicing as, for

example, medfly or Drosaphila
doublesex

Female-speclfic splice

I (el ve N e =1
Transactivator minimal
binding site(s) promoter

Male-specific splice

Transactivator coding region:
A = DNA binding domain
B = Activation domain
C = Repression or neutral domain
Other control signals not marked, 6.g. 5UTR,
JUTR, intron(s), polyA

Sex-specific splicing as, for

example, medfly transfarmer Male-specific splicing

o Y \EL/ =
\/

Transactivator minimal
binding site(s) promoter
e.q. tetOy

Female-specific splice

Transactivator coding region:
A + C = transactivator
B = contains stop codon or frame shift

or
A = DNA binding domain
B = Repression domain
C = Activation domain
Other control signals not marked, e.g. 5'UTR,
J'UTR, intron(s), palyA

Fig.4



U.S. Patent Sep. 1, 2015 Sheet 4 of 16 US 9,121,036 B2

PP1 86A infron

saq from PP196A
CMV min pro b-glohin Intron
1etO x7 (TACDS rabbit b-globin terminator {approx)

Diagram of tetO7-tTA region of pJY2004

Fig.5



U.S. Patent Sep. 1, 2015 Sheet 5 of 16 US 9,121,036 B2

{TAV = ", puCor
Adh intron V
hsp70 minpro\

tetOX7 bla (amp[R])

/
|

pLA513 diagram
11920 bp

drosomyein 3'

/e
i
5

3R

DsRed2

-~

Act5C promoter piggyBac 3'

Fig.6

drosomycin 3' UTR
tetOX7

hsp70 minpro  fs{1)K10 3' UTR
piggyBac 3’ ActSC promoter DsRed2 {TAV piggyBac §'

Schematic diagram of the LA513 transposon

Fig.7



U.S. Patent Sep. 1, 2015 Sheet 6 of 16 US 9,121,036 B2

ActSC promoter >
—

DsRMZ{ PLAS17 diagram bla (amp[R])

11570 bp
’!
drosomycin 3' % l
, pUC ori

totOX7 Y\ )
4

hsp70 minM’ ya
Adh intron///\/@ @Y/s- IR
R/ / T piggyBac 5'

W

{TAF
3 x PADALDDFDLDML

Fig.8



U.S. Patent Sep. 1, 2015 Sheet 7 of 16 US 9,121,036 B2

tetOx7
hsp70 minpro

piggyBac 3' Act5C promoter DsRed2 tTAV

4

A
tetOx7
hsp70 minpro

plggyBac 3' Act5C promoter\ DsRed2 {TAV

B
tetOx7
hsp70 minpro
piggyBac 3| ActsC promoter\ DsRed2 {TAV

c

Fig.9



U.S. Patent Sep. 1, 2015 Sheet 8 of 16 US 9,121,036 B2

ubi-p63E promoter P— piggyBac 3'

Pub ATG p
AN ///

nls_\ 4

DsRed2

nis
\\

SVAQ polyA
tetOx7
hsp70 minpro
Adh intron
fTAV"

pLA656 diagram
11251 bp

bla (amp[R])

s rd .
e A pUC ori

§'IMR
piggyBac 5'

Fig.10



U.S. Patent Sep. 1, 2015 Sheet 9 of 16 US 9,121,036 B2

Hr5

IE1 promoter
Scraps Intron

ATG start™

nis

DsRed2

nis
SV40 ponA\~’1~ {
o toﬂ%" pLA928 diagram
D = 10140 bp
hsp70 minpro bla (amp([R])
Adh intron
7
S~
{TAV N “
. e puC ori
\Q_,Q o
§'ITR
piggyBac 5'

Fig.11



U.S. Patent Sep. 1, 2015 Sheet 10 of 16 US 9,121,036 B2

tTAV

pLAllj;T:gram i Adh intron
g ‘@\ hsp70 minpro
@ /\\ tetOx7
. GAGA x2
tetOx14

~.
Hr5
IE1 promoter

piggyBac s P
SV40 polyA_ : &

\Scraps intron

ATG start

nls



U.S. Patent Sep. 1, 2015 Sheet 11 of 16 US 9,121,036 B2

piggyBac 3

ubl-p63E promoter\( N- ITR
Pub ATG < N

/. \
nis //’/ )
DsRed2
nls .
SV40polyA\ pLA670 diagram

bla (amp[R
tetOx7 h;_ 10786 bp e
hep70 minpro__Tee. //4
Adh intron ‘
te& N pUC ori
tTAV St -
VP16 i §NMR

plggyBac §'

Fig.13



U.S. Patent Sep. 1, 2015 Sheet 12 of 16 US 9,121,036 B2

piggyBac 3' SCS
JITR

rabbit b-globin terminator (approx)
b-globin intron
tTACDS
seq from PP1 96A
N
tetO x7

) hsp70 minpro

/f Cctra

4
/\(g/ nipper
Ed

bla amplR])_ 4

ve ori‘\g pLA1038 diagram
P 14720 bp

DsRed2

Fig.14



U.S. Patent Sep. 1, 2015 Sheet 13 of 16 US 9,121,036 B2

BmA3 promoter
BmA3 intron
BmA3 CDS fragment

nls% \ plggyBac 3'
ot

DsRed2 7 4 ir 3 ITR
’d

nis \’/r “

\
pLA710 diagram \{
9468 bp
bla (amp[R]]
R __ pUC ori
piggyBac §' §ITR

Fig.15



U.S. Patent Sep. 1, 2015 Sheet 14 of 16 US 9,121,036 B2

l'ajllg_“i'ﬂ I! 1 1 1 1 1

Cctragenomic AA A AMA A

aug tag
- -\/:L_
Female F1
aug tga
Male M1 A N
aug taa

—
Male M2 N N

Fig.16



U.S. Patent Sep. 1, 2015 Sheet 15 of 16 US 9,121,036 B2

/5' ITR
w=r—_PiggyBac 5’
- fs(1)K10 3'UTR

#1188

i 11832 b
FITR 325p

piggyBac 3" g Y

SV40 polyA ™ “RA_tTAV
I N— & \ ~
nls\ ‘@, \ O\ tetR
o Xy = \\ » B
DsRed2 ™~/ \ ‘Adh intron

\hspTO minpro

ATG staFt/ \ tetOx7
Scraps Intron \\ GAGA x2
tetOx14
Hr5

IE1 promoter

Fig.17



U.S. Patent Sep. 1, 2015 Sheet 16 of 16 US 9,121,036 B2

{fTAV
tetR
Adhintron
hsp70 minpro
tetOx7
GAGA x2
tetOx14

tetR

tTAV
VP16 K10 3'UTR approx

Potential PCR products generated:
1. [fintron is not excised - ~1550 bp
2. Ifintron is spliced in male form (M1 or M2)-> ~600 bp
3. Wintron is spliced in female form > ~200 bp

Fig.18



US 9,121,036 B2

1

EXPRESSION SYSTEM FOR INSECT PEST
CONTROL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/GB2004/003263, filed Jul. 28, 2004, which
claims priority to GB 0317656.7, filed Jul. 28, 2003.

The present invention relates to insect expression systems
comprising a promoter.

The genetic manipulation of insect species other than
Drosophila melanogaster, by recombinant DNA methods, is
in its infancy (Alphey, 2002; Alphey and Andreasen, 2002;
Alphey et al, 2002; Benedict and Robinson, 2003; Bergham-
mer et al., 1999; Catteruccia et al, 2000; Coates et al, 1998;
Handler, 2002; Horn et al, 2002; Jasinskiene et al, 1998; Lobo
etal., 2002; Lozovsky et al., 2002; McCombs and Saul, 1995;
Moreira et al., 2004; Peloquin et al, 2000; Perera et al., 2002;
Scott et al., 2004), and very few transgenic lines of non-
Drosophila insects have been made, using heterologous pro-
moters.

Insect transformation is a low-efficiency system requiring
the identification of rare transformants, in a background of
larger numbers of non-transformed individuals. It is, there-
fore, important that the transformants have an easily scored
marker. The current favourites are the fluorescent proteins,
such as GFP, DsRed and their mutant derivatives. These
require transcriptional control elements, including a pro-
moter, for their function. The best known of these are from the
Drosophila ActinSC (Act5C) and ubi-p63E (Pub) genes. A
silk moth homologue of Act5C, BmA?3, has also been used, as
well as a couple of tissue-specific promoters (3xP3, a syn-
thetic eye-specific promoter, and Act88F, specific to the indi-
rect flight muscles).

However, none of these promoters is entirely satisfactory.
Act5C has been used to transform various mosquitoes, as well
as Drosophila, but its expression pattern in mosquitoes is far
from ubiquitous (Catteruccia et al, 2000; Pinkerton et al.,
2000). Efforts to use it as part of a transformation marker in
medfly (Ceratitis capitata) have failed, where equivalent
experiments with Pub have achieved good success. Pub has
similar limitations: the expression pattern seen in medfly
transformants is highly variable, suggesting that the expres-
sion pattern is at least highly sensitive to position effect. In
addition, none of these promoters can be regulated in the
sense of being turned on and off as desired.

Fussenegger et al, (1998a; 1998b) illustrate positive feed-
back driving multi-cistronic transcripts, using a selection
marker, in one instance. Experiments were restricted to mam-
malian systems. pTRIDENT is described as a tricistronic
artificial mammalian operon. Expression or transient expres-
sion of cell cycle arresting genes is described for “metabolic
engineering”, i.e. regulating expression of desirable proteins,
and it is mentioned that a transcriptional “squelching” effect
by the VP16 transactivator domain may be lethal for the host
cell, even at moderate expression levels (Berger et al., 1990;
Damke et al, 1995; Gill and Ptashne, 1988; Gossen and
Bujard, 1992; Salghetti et al., 2001). The benefits of auto-
regulatory mono- or poly-cistronic systems are discussed,
including one-step, auto-regulated and auto-selective multi-
cistronic mammalian expression systems which included the
tTA in a multicistronic, p TRIDENT-based or quattrocistronic
configuration (pQuattro-tTA; Fussenegger et al, (1998b);
FIG. 2). Since the tTA gene is encoded on the multicistronic
expression unit itself, little or no tTA is expressed under
repressive conditions. This positive feedback regulation sys-
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tem showed no signs of squelching. Experiments with a
monocistronic positive feedback configuration in transgenic
animals also showed no detrimental effects (Shockett et al.,
1995).

Very few promoters or other control elements have been
characterised, and there remains a pressing need for such
elements. It would be desirable to provide a universal pro-
moter active in all or most cells of a wide range of insects, or
to enable wider usage of an existing promoter. It is a further
aim to regulate the activity of insect promoters, especially in
a life stage—and/or sex-specific manner. It is also an aim to
selectively reduce or eliminate the promoter activity in par-
ticular cells or tissues. The present invention provides such
systems.

Surprisingly, it has now been found that it is possible to
employ a positive feedback mechanism both to enhance the
effect of an insect promoter, as well as to control its expres-
sion.

Thus, in a first aspect, the present invention provides an
insect gene expression system, comprising at least one gene
to be expressed and at least one promoter therefor, wherein a
product of a gene to be expressed serves as a positive tran-
scriptional control factor for the at least one promoter, and
whereby the product, or the expression of the product, is
controllable.

As used herein, the term “gene” refers to any DNA
sequence that may transcribed or translated into a product, at
least one such having activity or function in vivo. Such a gene
will normally have at least a transcription promoter and a
terminator operably associated therewith.

The product capable of positive transcriptional control may
act in any suitable manner. In particular, the product may bind
to an enhancer located in proximity to the promoter or pro-
moters, thereby serving to enhance polymerase binding at the
promoter, for example. Other mechanisms may be employed,
such as repressor countering mechanisms, such as the block-
ing of an inhibitor of transcription or translation. Transcrip-
tion inhibitors may be blocked, for example, by the use of
hairpin RNA’s or ribozymes to block translation of the
mRNA encoding the inhibitor, for example, or the product
may bind the inhibitor directly, thereby preventing inhibition
of transcription or translation.

More preferably, the mechanism is a positive feedback
mechanism, wherein the product, which may either be RNA
or the translation product thereof, acts at a transcription
enhancer site, normally by binding the site, thereby enhanc-
ing promoter activity. Enhancement of the promoter activity
then serves to increase transcription of the gene for the prod-
uct which, in turn, further serves to either lift inhibition or
enhance promotion, thereby leading to a positive feedback
loop.

Control of the product may be by any suitable means, and
may be effective at any level. In particular, it is preferred that
the control be effective either to block transcription of the
control factor gene orto block translation of the RNA product
thereof, or to prevent or inhibit action of the translation prod-
uct of the gene.

For example, the gene product of tTA (tetracycline-re-
pressible transcription activator) acts at the tetO operator
sequence (Baron and Bujard, 2000; Gossen et al., 1994; Gos-
sen and Bujard, 1992). Upstream of a promoter, in either
orientation, tetO is capable of enhancing levels of transcrip-
tion from a promoter in close proximity thereto, when bound
by the product of the tTA gene. If the tTA gene is part of the
cassette comprising the tetO operator together with the pro-
moter, then positive feedback occurs when the tTA gene prod-
uct is expressed.
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Control of this system is readily achieved by exposure to
tetracycline, which binds to the gene product and prevents
transactivation at tetO.

The tTA system also has the advantage of providing stage-
specific toxicity in a number of species. In particular,
“squelching” is observed in the development phases of many
insects, the precise phase of susceptible insects being species-
dependent. Some insects may reach pupation before the larva
dies, while others die early on. Susceptibility ranges from
100% fatality to a small reduction in survival rates. In general,
though, adult insects appear to be immune to the squelching
effect of tTA, so that it is possible to raise insects comprising
a tTA positive feedback system in the presence of tetracy-
cline, and then to release the adult insects into the wild. These
insects are at little or no competitive disadvantage to the wild
type, and will breed with the wild type insects, but larvae
carrying the tTA positive feedback cassette will die before
reaching maturity.

It is relatively straightforward to modify the tTA sequence
to enhance compatibility with the desired insect species, and
this has been demonstrated, in the accompanying Examples,
with tTAV, which has an additional two amino acids to pro-
vide a protease site, but which is encoded by a sequence
substantially changed from that of tTA in order to more
closely follow Drosophila usage.

Accordingly, in a preferred aspect, the present invention
provides a system as described, wherein at least one gene is
tTA, or is a gene encoding a similar product to tTA effective
to up-regulate the tetO promoter.

Thus, the present invention is useful in combination with a
dominant lethal gene, allowing selective expression of the
dominant lethal gene, or stage specific expression, as desired,
of the lethal gene or the lethal phenotype. It will be appreci-
ated that the dominant lethal gene does not need to be an
integral part of the positive feedback mechanism, but may be
part of a bicistronic cassette, for example. Use of the present
invention in association with RIDL (Release of Insects car-
rying a Dominant Lethal) is particularly preferred.

Control of the feedback mechanism, in the case of tTA or
an analogue thereof, is simply effected by the presence or
absence of tetracycline, or by modulating tetracycline con-
centration, when the tTA gene product is used. In the case of
another preferred positive feedback system, GAL4, this may
be controlled by temperature, for example, thereby suppress-
ing the effective gene, preferably a dominant lethal gene, until
release of the insect.

Other mechanisms may also be employed, such as
ribozymes or antisense or partially self-complementary RNA
molecules, such as hairpin RNA, to inhibit or prevent expres-
sion of an activating peptide, or blocking agents that prevent
binding of the activator to the enhancer site.

Such blocking agents may be expressed by the insect itself
under selective conditions, or may be administered as part of
the culture medium, for example.

Where the blocking, or controlling agents are produced by
the insect, then it is preferred that their expression be selec-
tive, such as being sex specific. Administration of the block-
ing agent in the culture medium, for example, will enable
suppression of the positive feedback cassette under all cir-
cumstances until release of the insect, after which stage- or
sex-specific selection will occur, preferably in a succeeding
generation, particularly preferably the following generation.

More preferably, the cassette comprising the positive feed-
back mechanism is associated with stage- or sex-specificity.
For example, sex specific splicing is observed with the trans-
former and doublesex mechanisms seen in most insects, and
can be employed to limit expression of the feedback system to
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4
a particular sex, either by employing sex specific splicing to
delete all or part of the effector gene, or to incorporate a
frameshift or stop codon, or to modulate RNA stability or
mRNA translational efficiency, for example, or otherwise to
affect expression so as to differentiate between the sexes.
Targeting the females of pest species is particularly preferred.

Although it is possible to provide the effector gene in a
separate location and even on a separate chromosome, it is
generally preferable to link the effector gene with the feed-
back gene. This may be achieved either by placing the two
genes in tandem, including the possibility of providing the
two as a fusion product, or for example by providing each
gene with its own promoter in opposite orientations but in
juxtaposition to the enhancer site.

An effector gene is the gene whose expression it is desired
to enhance. Where a positive feedback product is also effec-
tive as a stage-specific lethal, such as tTA in many species,
then the effector and the feedback gene may be one and the
same, and this is a preferred embodiment.

The effector gene will often be a lethal gene, and it is
envisaged that the system of the present invention will most
frequently be employed in the control of insect pest popula-
tions, particularly in combination with the RIDL technique or
related method, as described hereinunder.

It is preferred to include a marker with the systems of the
invention, such as DsRed, green fluorescent protein, and vari-
ants thereon, as transformation success rates in insects are
extremely low, so that it is useful to be able to select in some
way.

The promoter may be a large or complex promoter, but
these often suffer the disadvantage of being poorly or patchily
utilised when introduced into non-host insects. Accordingly,
it is preferred to employ minimal promoters, such as the
Hsp70 promoter which, while having a naturally somewhat
low level of activity, can be substantially enhanced by a
positive feedback scenario, such as by the use of tTA and tetO.

A promoter is a DNA sequence, generally directly
upstream to the coding sequence, required for basal and/or
regulated transcription of a gene. In particular, a promoter has
sufficient information to allow initiation of transcription, gen-
erally having a transcription initiation start site and a binding
site for the polymerase complex. A minimal promoter will
generally have sufficient additional sequence to permit these
two to be effective. Other sequence information, such as that
which determines tissue specificity, for example, is usually
lacking, and preferred minimal promoters are, normally as a
direct result of this deficiency, substantially inactive in the
absence of an active enhancer. Thus, a cistron, or system, the
two terms preferably being generally interchangeable herein,
of the invention will generally be inactive when the or each
promoter is a minimal promoter, until a suitable enhancer or
other regulatory element is de-repressed or activated, typi-
cally the gene product.

Thus, it will be appreciated that minimal promoters may be
obtained directly from known sources of promoters, or
derived from larger naturally occurring, or otherwise known,
promoters. Suitable minimal promoters and how to obtain
them will be readily apparent to those skilled in the art. For
example, suitable minimal promoters include a minimal pro-
moter derived from hsp70, a P minimal promoter (exempli-
fied hereinunder as WTP-tTA), a CMV minimal promoter
(exemplified hereinunder as JY2004-tTA), an Act5C-based
minimal promoter, a BmA3 promoter fragment, and an Adh
core promoter (Bieschke, E., Wheeler, J., and Tower, J.
(1998). Doxycycline-induced transgene expression during
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Drosophila development and aging. Mol Gen Genet 258,
571-579). Act5C responds to tTA in transgenic Aedes, for
example, and the invention.

Not all minimal promoters will necessarily work in all
species of insect, but it is readily apparent to those skilled in
the art as to how to ensure that the promoter is active. For
example, a plasmid, or other vector, comprising a cistron of
the invention with the minimal promoter to be tested further
comprises a marker, such a gene encoding a fluorescent pro-
tein, under the control of a promoter known to work in that
species, the method further comprising assaying putative
transgenic individuals for expression of the marker, and
wherein individuals expressing the marker are then assayed
for expression of the gene under the control of the minimal
promoter, such as by assaying transcribed RNA. Presence of
the RNA above background levels under induced or de-re-
pressed conditions is indicative that the minimal promoter is
active in the species under investigation; absence or presence
at low levels only of such RNA in non-induced or repressed
conditions is indicative that the minimal promoter has low
intrinsic basal activity.

We have used the following marker promoters, by way of
example, only, but many more are useful and apparent to
those skilled in the art:

mini-white (white promoter): WTP2-tTA, JY2004-tTA

Act5C promoter: LAS13 and LA517

ubi-p63E promoter: LA656 and LA1038

BmA3 promoter: LA710

hr enhancer and iel promoter: LA928, [LA1124 and
LA1188

and all of these are useful as, or in the preparation of,
minimal promoters.

It will be appreciated that a cistron or system of the inven-
tion may comprise two or more cistrons. A system may fur-
ther comprise non-linked elements, such as where a second
gene to be expressed is remote from the positive feedback
cistron.

Thus, in a preferred aspect, the present invention provides
positive feedback constructs of the general form shown in
accompanying FIG. 1. In this scenario, the tetracycline-re-
pressible transcription activator (tTA) protein, when
expressed, binds to the tetO operator sequence and drives
expression from a nearby minimal promoter. In the configu-
ration shown, this then drives expression of tTA, which then
binds to tetO, and so on, creating a positive feedback system.
This system is inhibited by tetracycline, which binds to tTA
and prevents it binding tetO.

Expression is controllable, and this may be achieved by
operably linking the promoter to a controllable transcription
factor. As illustrated above, this may be tTA (tetracycline-
repressible or tetracycline-inducible), or any other factor con-
trollable system, such as GAL4 (which is somewhat cold-
sensitive, and can be further controlled by use of GAL8O or
mutants thereof), or the streptogrammin regulated expression
system, for example. It will be appreciated that other binding
sites for the appropriate transcription factor will depend on
the transcription factor concerned, such as UAS,;, (up-
stream activation sequence) for GAL4, for example.

Preferred systems of the present invention have high levels
of'induced expression, preferably available at several induced
levels, with a low basal level of expression of the regulated
gene but also of any other component, and preferably across
arange of species. Basal levels are preferably low or substan-
tially non-existent where expression is strongly deleterious,
but acceptable levels will depend on the effect of the product.
Maximum levels will not generally be an issue, as the positive
feedback condition will often provide fatal levels of expres-
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sion and, even where the expression product is not fatal, or
associated with fatal consequences, it is likely to be expressed
in far higher concentrations than most gene products.
Where a basal level of expression is desired, then a pro-
moter sequence that does not need the presence of the
enhancer may be employed, although there will then, gener-
ally, be feedback. Unless there is a cut-off level of feedback,
below which the feedback product will not work, then it will
be appreciated that it is preferred to keep to a minimum
feedback gene expression
Different constructs of the invention (described in the
accompanying Examples) have varying activity, according to
the components of the constructs. For example, in Droso-
phila:
WTP-tTA gives a low level of induced (non-repressed)
expression
JY2004-tTA gives strong expression when not repressed,
approximately equivalent to Act5SC-tTA
LLA513 is lethal when not repressed.
The first two appear to give constitutive expression, as judged
by use of a reporter gene (tRE-EGFP), this is difficult to
assess for the lethal LAS513, although at 10 pg/ml tet, just
sufficient for good survival, LAS13 in Drosophila drives
expression of a tetO,-EGFP reporter gene in both the male
and female germline in adults, as well as in somatic cells. This
distinguishes it from Act5C, commonly used as a “ubiqui-
tous, constitutive” promoter, which does not, in fact, express
well in these cells.
The properties of these constructs are shown in Table 1,
below.

TABLE 1
Optimised

Max Minimal coding 3'UTR and

expression promoter Intron region? polyA
WTP-tTA Low P PP1la96A No fs(1)K10
TY2004-tTA High CMV Rabbitp- No Rabbit -

globin globin

LAS13 V. high Hsp70 Adh Yes fs(1)K10

(lethal)

Accordingly, it will be appreciated that the induced or
non-repressed expression level can be modified in a useful
and predictable way by adjusting the sequence of the positive
feedback system. Toxicity and/or activity of the tTA protein
can be modified independently of the transcriptional and
translational control signals by several approaches, e.g. use of
a nuclear localisation signal, modification of the activation
domain, etc. (see Fussenegger, 2001 for more examples).

The lethality of LAS13 is useful, for the reasons given
above, and more particularly because:

a) It provides a compact, highly effective repressible lethal
gene system;,

b) As it uses only simple control elements from Drosophila
(hsp70 minimal promoter, a small intron and a terminator
from f5(1)K10), it, or its expression cassette, functions
across a wide phylogenetic range;

¢) Ithas very little, if any, deleterious effect on adults, even in
the absence of tetracycline. This is a highly desirable and
surprising property for field use, for example in a RIDL-
based control programme, as the released adults must be
competitive and long-lived for full efficacy of the pro-
gramme. It will be appreciated that the effect of the system
of the invention could be further modified by the incorpo-
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ration of an adult-effective lethal, for example in the “posi-
tive feedback—bi-directional expression” configuration
described herein; and
d) By its nature, “cross-talk” between various elements is
minimised. This is because: (i) the core of the construct is
only a single composite element, rather than the normal
two in bipartite expression systems; (ii) the principal
enhancer of the autoregulatory component, the tTA bind-
ing sites, is substantially active only in the absence of
tetracycline and (iii) modest expression of tTA under the
influence of a nearby enhancer, whether in another part of
the construct or in nearby chromatin, is unlikely to be
significantly deleterious.
JY2004-tTA is also useful, in the present invention.
Without being bound by theory, the mechanism by which
L.A513 kills embryos and early larvae, but not adults, appears
to be an inherent property of its toxicity. tTA toxicity is
believed to derive from “transcriptional squelching”, in
which high level expression of the transcriptional activator
domain (in the case of tTA this is VP16 or a fragment thereof)
binds elements of the transcriptional machinery and titrates
them, leading to a general effect on transcription, although it
may also act to saturate the ubiquitin degradation pathway.
Transcriptional squelching is the effect which is thought to
lead to deleterious effects in mammalian cell lines expressing
tTA at high levels; in the optimised expression context of
L.A513 positive feedback drives tTA expression to lethal lev-
els. However, developing stages may be more sensitive to
disruption of transcription than adults: they have to express
genes in a highly coordinated fashion to allow proper devel-
opment, while adults may be more tolerant of disruption.
The development of [LA513 heterozygotes on media with
an intermediate level of tet (3 or 10 pg/ml), just sufficient for
survival, showed a significant delay, relative to their wild type
siblings. Parallel experiments using higher concentrations of
tetracycline, e.g. 100 pg/ml, did not show any developmental
delay, thereby suggesting that sub-lethal expression of tTA
can adversely affect the normal development of the insects.
Itis preferred that a positive feedback system show a higher
on:off ratio and switch from on to off over a narrower con-
centration range than a conventional system, thereby allow-
ing the use of a wider range of effector molecules. Lower-
toxicity (lower specific activity) effector molecules can be
used, as they can be expressed at a high level under active
conditions without leading to problems of toxicity at basal
levels. Conversely, more toxic (higher specific activity) ones
can be used as the necessary low basal level does not preclude
high levels of expression when de-repressed or induced.
Since basal level of expression is only partly determined by
the level of tTA, this advantage is particularly clear in the case
of lower-toxicity molecules. tTA is a preferred example of a
low specific activity effector molecule that can be used as a
lethal in the positive feedback context of LAS13, for example.
The advantage of switching from on to off over a narrow
concentration range is that a modest concentration of repres-
sor can be used without risk of residual (not fully repressed)
expression leading to adverse effects and potentially selecting
for resistance. Conversely, for an inducible system, modest
concentrations of the activator can give full expression.
Activated or de-repressed drivers are useful for expressing
effector molecules. Examples of effector molecules include
functional RNA’s, such as hairpin RNA’s, ribozymes etc.,
and one or more encoded proteins. It will be appreciated that,
for different applications, different levels of expression are
appropriate. Since the sequence-specific transcription factors
used to drive the positive feedback system can also be used to
express other genes in a bipartite expression system, this may
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be achieved by making two separate constructs, one with the
driver (normally a promoter-transcription factor construct,
here the positive feedback construct), the other with the gene
or molecule of interest under the control of a composite
promoter (binding site+minimal promoter) responsive to the
transcription factor (Bello et al, 1998; Brand et al, 1994). This
is also appropriate for these positive feedback drivers. Alter-
natively, the two elements may be combined on the same
construct. This embodiment has significant advantages for
most field applications, as it very substantially reduces the
risk that the two functional elements can be separated by
recombination. Further, the complete expression system can
be introduced with only a single transformation event, as well
as meaning that insects homozygous for the system are
homozygous at only one locus rather than two, which makes
them easier to construct by breeding, and tends to reduce the
fitness cost due to insertional mutagenesis.

It is also possible to condense such an expression system
into a more compact form, such as is illustrated in accompa-
nying FIG. 2.

This exploits the bi-directional nature of enhancers, in this
case the tetO binding site in the presence of tTA. This arrange-
ment further allows, or facilitates, the use of insulator ele-
ments to reduce the effect of enhancers or suppressors in the
adjacent chromatin: in this arrangement the entire expression
cassette can be flanked by insulators. This arrangement also
removes the need to duplicate the transcription factor binding
sites within the construct. Such duplication is preferably
avoided, as it can lead to instability through homologous
recombination. For similar reasons, it is generally preferred
that non-identical insulators, such as scs and scs’ are used,
rather than using the same one twice.

It is further possible to condense the system to provide a
single transcript, either bicistronic or expressing a single
polypeptide, which may potentially be further processed into
more than one protein, for example by use of the ubiquitin
fusion technique (Varshavsky, 2000). Bach of these
approaches (bi-directional expression, bicistronic expres-
sion, fusion protein with transactivator) tends to reduce the
size of the construct, which in turn will tend to increase the
transformation frequency and reduce the mutagenic target.
Such condensation can be achieved in several ways, as
shown, diagrammatically, in accompanying FIG. 3. Appro-
priate extensions to and variations of the arrangements shown
diagrammatically will be apparent to those skilled in the art.

As an example of the utility of such a system, a general
transformation marker might be constructed by using a trans-
activator system known to function over a wide phylogenetic
range, for example those based on tetR, GALA4, lexA or
AcNPV ie-1. Such a transactivator, functionally linked to a
coding region for a fluorescent protein by any of the above
methods (bi-directional expression, bicistronic expression,
fusion protein with transactivator), would provide a genetic
marker expressed in a wide range of tissues and developmen-
tal stages across a broad phylogenetic range. Such a marker
would be useful not only for detecting transgenics in trans-
formation and other lab experiments, but also for distinguish-
ing, for example, transgenic flies from wild type flies in the
field, or those caught in the field.

Another example is expression of a transposase. Integrated
into the chromosomes, this would be a “jump-starter” con-
struct, for example piggyBac transposase integrated into an
insect chromosome using mariner/mos1. Such constructs are
useful to remobilise piggyBac elements. A widely-applicable
jump-starter should be expressed at a significant level across
a wide phylogenetic range. The expression system of this
invention provides this. Furthermore, such a construct (pig-
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gyBac transposase under the control of a positive feedback
system of one of the above structures) would also be useful in
insect transformation via transient expression (co-expression
of'a“helper” plasmid, the most widely-used method for insect
transformation), and again would be useful and functional
across a wide phylogenetic range.

It is advantageous to regulate the action of an expression
system at stage-, sex- or other levels, in addition to being able
to regulate the expression level by changing environmental
conditions. Suitable examples are as follows:

1. Expression of a Repressor Protein.

Repressor proteins are known or can be constructed for the
main expression systems, e.g. GALS8O0 or its mutant deriva-
tives for the GAL4 system, tetR fused to inhibitory proteins
for the tet system, etc. Another alternative is gene silencing of
the transcription factor using a hairpin RNA directed against
part of the expression cassette. Basal expression from the
positive feedback system is rather low, therefore it can readily
be suppressed by expression of such an inhibitor.

Expression of a suitable inhibitor under suitable control
will tend to inhibit expression from the positive feedback
expression cassette where the inhibitor is expressed. Female-
specific expression, for example, can therefore be achieved
by expressing an inhibitor in males.

2. Integrating Specificity into the Positive Feedback System.

Specificity can be integrated into the positive feedback
system by using components that are themselves specific. For
example, the hsp70 minimal promoter+SV40 intron and
polyA signal combination of pUAST is known not to be
expressed in the female germline of Drosophila, while the P
minimal promoter+P intron+fs(1)K10 polyA signal of
pUASD is so expressed (Rorth, 1998). Positive feedback
expression systems can, therefore, be constructed which spe-
cifically do or do not express in this tissue, depending on the
use of appropriate regulatory elements.

In another embodiment, sex-specificity can be integrated
into the system by use of sex-specific splicing. The sex-
specific splicing of doublesex and its homologues is a con-
served regulatory mechanism and, therefore, available foruse
in this way across a wide phylogenetic range. Sex-specific
splicing of transformer and its homologues is another alter-
native. The use of sex-specific splicing to integrate specificity
into a positive feedback expression system can be achieved in
several ways, as shown, diagrammatically, in accompanying
FIG. 4. Appropriate extensions to and variations of the
arrangements shown diagrammatically will be apparent to
those skilled in the art.

In another configuration, a specific splice site can be
inserted into the transactivator coding region so that two (or
more) alternative proteins are produced in different condi-
tions, e.g. in different cell types or in different sexes. This can
be arranged so that a transcriptional activator is produced in
one cell type but a transcriptional repressor is produced in
another cell type. This arrangement has the advantage that it
is relatively robust to inefficient (imperfect) splicing—pro-
duction of a relatively low proportion of transcriptional acti-
vator in the inappropriate cell type, e.g. in male cells, will be
less likely to produce the positive feedback amplification as
these cells are also producing a larger amount of repressor.
Discrimination in output (ratio of levels of transcriptional
activator in the two cell types, or ratio of expression of a
reporter or other RNA or protein functionally linked to the
expression of the transcriptional activator) between the two
cell types is thereby enhanced.

It will be readily apparent to those skilled in the art that any
of these specific transactivator arrangements can readily be
combined with any of the arrangements disclosed herein for
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expression of an additional protein or RNA, e.g. bi-direc-
tional expression, bi- or multi-cistronic expression, expres-
sion of a fusion protein, or combined with one or more sepa-
rate expression cassettes dependent on, or partly dependent
on, expression of the transactivator, either combined on the
same construct or elsewhere in the genome or cell.

3. Using a Specific Effector Molecule

Specificity in phenotypic consequence can also be intro-
duced by use of a specific effector molecule. Where a mol-
ecule, e.g. RNA orprotein, expressed under the control of any
of the expression systems described herein, has a specific
effect only in particular cells, tissues, or sex, etc, then pheno-
typic specificity can be obtained with broader or less specific
expression of the transactivator. For example, in the context
of' a RIDL-type mass-release insect population control pro-
gramme, using the system to express a molecule only toxic, or
preferentially toxic, to pre-adult stages, results in adults
which are fully, or reasonably competitive, relative to wild
type. This is desirable as the effectiveness of the programme
depends on the competitiveness and longevity of the adult
forms, when released into the wild. Since their internal
repressor (e.g. tetracycline) concentration is likely to decline
in the wild, it would be advantageous to ensure that induction
(de-repression) of the expression system, as and when it
occurs in adults, has a minimal negative effect on them.

As another example, sex separation, or sex-specific effects,
can be achieved by expression in both males and females of a
molecule with differential effects in males and females. For
example, expression of the Transformer protein in male
Drosophila will tend to transform them into females, but have
no effect on females. Similarly, expression of Male specific
lethal-2 (Ms1-2) protein in Drosophila will tend to kill
females, but not males (Gebauer et al, 1998; Kelley et al,
1995; Matsuo et al., 1997; Thomas et al, 2000). Conversely,
expression of a partially self-complementary RNA molecule
with substantial homology in its self-complementary or
double-strand-forming region to (“hairpin RNA against™)
transformer will tend to transform genetic females into phe-
notypic males, while not affecting genetic males, and expres-
sion of hairpin RNA against msl-2 will tend to be lethal to
males but not to females. Expression of hairpin RNA against
the male- or female-specific exons of doublesex will tend to
affect those sexes only, and simultaneous expression of RNA
encoding the other form of doublesex (i.e. Dsx™ in females or
Dsx” in males) will tend to modify or enhance this effect. This
simultaneous expression of a protein and a hairpin RNA
molecule can readily be accomplished by combining the
bicistronic or fusion protein approach described above with
expression of a hairpin RNA using the bi-directional expres-
sion system also described above. Sex-, stage- or other speci-
ficity can be further added to such a system by incorporation
of appropriate specific splicing or other transcriptional, trans-
lational or other post-translational control signals to either
part of the system as will be apparent to the person skilled in
the art.

Multi-functional hairpin RNA molecules may be con-
structed and are envisaged. For example, RNAi against trans-
former in the Mediterranean fruit fly Ceratitis capitata Wied-
mann (medfly) will tend to transform genetic females into
fertile males. For an area-wide population control program
based on mass-release of such insects, it is preferable to
sterilise the released flies. This can be accomplished by using
a composite RNA molecule that simultaneously disrupts
expression of both transformer and a gene required for sper-
matogenesis or embryonic or larval viability. Many such
genes are known in Drosophila with homologues in mosqui-
toes or other animals. With medfly, a suitable homologue can
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readily beisolated, using techniques known to those skilled in
the art. We prefer the use of a gene which allows the produc-
tion of seminal fluid, and preferably also of sperm, to reduce
the tendency of the female to re-mate after insemination by
the affected male. We particularly prefer to direct this second
part of the hairpin RNAi molecule against a paternal effect
lethal, so that no viable progeny can be produced, or against
a zygotically expressed gene required for embryonic or larval
viability or development, so that progeny inheriting the con-
struct will be affected. Other configurations are envisioned
and will be readily apparent to those skilled in the art: for
example expression of a female-specific lethal protein by
bicistronic expression and a hairpin RNA leading to paternal-
effect lethality by bi-directional expression. In common with
the composite hairpin RNA against a suitable sex-determina-
tion gene and a paternal effect lethal, this allows the genera-
tion of a single-sex (male-only) population of insects, all of
whose progeny die through the action of the paternal-effect
lethal, irrespective of whether their progeny or mates feed on
tetracycline. Thus, the present invention provides a controlled
promoter, as defined, wherein the promoter is operably linked
with DNA encoding an RNAIi causing lethality or sterility. In
this case, lethality may correspond to low fitness, such as
flightless, rather than outright lethality, provided that the like-
lihood of breeding on is substantially reduced.

4. Using Site-Specific Recombinase(s)

Specificity can also be introduced into the positive feed-
back system by inserting a “stuffer” fragment which inacti-
vates it. If this “stuffer” fragment is flanked by target sites for
a suitable site-specific recombinase, then it will tend to be
excised in the presence of active recombinase. Any system for
selective expression of active recombinase, for example,
expression of the recombinase under the control of a female-
specific promoter, will therefore tend to lead to selective
expression of the positive feedback system, in this case in
females only. If the recombinase is expressed in somatic cells
only, for example by using the method described above, then
the version transmitted to the next generation includes the
stuffer fragment, which can again be daughters but not sons.
Conversely, if the recombinase is expressed in the genome
only, provision of active recombinase will lead to offspring in
which the expression system is active, from parents in which
it is inactive. This can be used, for example, to generate
gametes containing an active dominant lethal or sterile gene
system (e.g. female-specific or non-sex-specific) foruse in an
insect population control strategy.

In a preferred embodiment, the stuffer fragment encodes
the recombinase. This embodiment is particularly compact.
In another preferred embodiment, the stuffer fragment
encodes a transcriptional repressor which tends to inactivate
the positive feedback expression system—this embodiment
tends to reduce the basal expression of the system in the
presence of the stuffer fragment.

Conversely, the system can be specifically inactivated in
certain cells, or clones of cells, by introducing target sites for
a suitable site-specific recombinase at suitable positions, and
then expressing or introducing the appropriate active recom-
binase in appropriate cells, such that one or more key func-
tional elements of the expression system are removed or
disrupted by recombination between the target sites for the
recombinase.

Suitable recombinase systems include cre/lox and Flp/
FRT.

The present invention is illustrated by the following, non-
limiting, Examples. In the following Examples, the Figures
are as follows:
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FIG. 1 shows a tetracycline-repressible transcription acti-
vator scenario;

FIG. 2 shows a system of the invention using a bi-direc-
tional enhancer;

FIG. 3 shows a sex-specific system;

FIG. 4 shows another sex-specific system;

FIG. 5 is a diagram of the tetO,-tTA region of pJY2004;

FIG. 6 is a schematic diagram of pLLA513;

FIG. 7 is a schematic diagram of the LA513 transposon;

FIG. 8 is a schematic diagram of pLLA517;

FIG. 9 illustrates the bidirectional action of tetO, in 513A
and 513B mosquitoes;

FIG. 10 is a schematic diagram of pLA656;

FIG. 11 is a schematic diagram of pLA928;

FIG. 12 is a schematic diagram of p[LA1124;

FIG. 13 is a schematic diagram of pLA670;

FIG. 14 is a schematic diagram of p[LA1038;

FIG. 15 is a schematic diagram of pLA710;

FIG. 16 illustrates the sex-specific splicing of Cctra in
medfly;

FIG. 17 is a schematic diagram of pL.A1188; and

FIG. 18 illustrates sex-specific splicing in medfly.

EXAMPLES

A series of constructs was made with tTA in a positive
feedback configuration, i.e. with tTA expression regulated by
tTA binding to tetO. Transgenic insects carrying these con-
structs were obtained and their properties analysed.
tTAV

In some cases, the intention was to obtain very high levels
of'expression of tTA in the absence of tetracycline. In various
exemplified constructs described hereinbelow, tTA expres-
sion was so high as to be lethal. As part of the process of
obtaining strong expression of tTA, part of the tTA open
reading frame was redesigned to express a similar protein, but
with codon usage closer to the norm for Drosophila melano-
gaster, and lacking some potential cryptic splice sites present
in the original nucleotide sequence. This variant tTA
sequence was named tTAV (SEQ ID NO. 31, protein
sequence SEQ ID NO. 32).

Example 1

WTP-tTA and JY2004-tTA in Drosophila melanogaster

The tTA coding region (SEQ ID NO. 29, tTA protein
sequence SEQ IDNO. 30) from pUHD15-1 (SEQ ID NO. 33,
Gossen et al., 1994; Gossen and Bujard, 1992) was placed
under tetO control, in a positive feedback configuration, by
inserting it into pWTP2 (Bello et al, 1998) or pJY2004, a
version of pJY2000 that lacks insulators (Stebbins and Yin,
2001). These constructs were named pWTP-tTA and
pJY2004-tTA, respectively. A diagram of tetO,-tTA region of
pJY2004 is provided as accompanying F1G. 5, and is SEQ ID
NO. 14.

In pWTP-tTA, the tetO, binding sites are followed by a
minimal promoter from the P element, a leader sequence from
Drosophila hsp70, a short intron from the Drosophila
PP1096A gene, the tTA coding region and a transcription
terminator from Drosophila hsp70. In pJY2004-tTA, the
minimal promoter and leader sequences are from CMYV, fol-
lowed by the tTA coding region and a transcription terminator
from rabbit -globin, as shown in FIG. 5.

Transgenic Drosophila melanogaster carrying either of
these constructs were fully viable, even without dietary tet-
racycline. Insects doubly heterozygous for WTP-EGFP and
either of these constructs were examined for green fluores-
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cence characteristic of EGFP expression. Insects with WTP-
tTA and WTP-EGFP showed very weak fluorescence only
slightly above background autofluorescence. In contrast,
insects with JY2004-tTA and WTP-EGFP showed strong
fluorescence, similar to that seen in insects carrying EGFP
under the control of the ActinSC promoter, which is widely
used as a strong, constitutive promoter in Drosophila (e.g.
Reichhart and Ferrandon, 1998). Expression of EGFP was
repressed to undetectable levels when the insects were raised
on diet supplemented with tetracycline to 100 pg/ml. Control
insects heterozygous for either WIP-EGFP, JY2004-tTA or
WTP-tTA showed no fluorescence above background
whether or not they were raised on a diet containing tetracy-
cline.

We placed tTA under the control of the Actin5C promoter,
in plasmid pP [Casper-ActSC-tTA]. Transgenic flies carrying
this construct and WTP-EGFP, raised on a diet lacking tetra-
cycline, showed green fluorescence at a comparable intensity
to that observed in equivalent flies with JY2004-tTA and
WTP-EGFP.

These results show that positive feedback constructs can be
used to give strong (JY2004-tTA) or weak (WTP-tTA), tetra-
cycline-repressible expression from a suitable construct (here
WTP-EGFP).

EGFP is widely used as a neutral reporter. We further tested
JY2004-tTA flies by crossing them to flies with constructs
capable of expressing proteins known or predicted to be del-
eterious. We inserted the central domain of Nipp1Dm (Ben-
nett et al, 2003; Parker et al, 2002) (“nipper”), into pJY2004,
to make pJY2004-nipper, and transformed Drosophila with
this construct. We also used flies carrying tetO-hid (Heinrich
and Scott, 2000). In each case, crossing to JY2004-tTA flies
gave tetracycline-repressible lethality. Data from two
example crosses are presented in Table 2, below.

TABLE 2

Use of positive feedback constructs to drive expression of lethal genes
in Drosophila.

[tetracycline]
TY2004-tTA CyO (ng/ml)

Male TY2004-tTA/CyO x
Female tetO-hid/tetO-hid

0 15 0

9 10 100
Male TY2004-tTA/CyO x

Female I'Y2004-

nipper/TY2004-nipper

0 20 0
16 13 100

Example 2

LAS513 in Drosophila melanogaster

We made construct pLA513 (SEQ ID NO. 16, schematic
diagram shown in FIG. 6), containing a non-autonomous
piggyBac transposon. We generated transgenic Drosophila
melanogaster carrying this construct by co-injection with a
helper plasmid into a white-eyed strain (Handler, 2002; Han-
dler and James, 2000). Potential transgenics were screened
for fluorescence characteristic of DsRed2. 5 transgenic lines
were recovered, and were designated O513, M8, M13, F23
and F24. A schematic diagram of the LA513 transposon is
shown in accompanying FIG. 7.
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Drosophila melanogaster stocks were maintained at 25° C.
on yeast/sugar/maize/tetracycline medium (tetracycline
(Sigma) at 100 pg/ml final concentration), unless stated oth-
erwise. All experiments were performed at 25° C.
Survival of LA513/+ Transgenics With and Without Tetracy-
cline

Heterozygous transgenics were crossed in at least triplicate
to wild type on media with or without Tc (tetracycline). In the
absence of any lethality, it would be expected that approxi-
mately half the progeny of such a cross would be transgenic.
Progeny were scored as young adults for DsRed marker fluo-
rescence [Matz et al, 1999] using an Olympus SZX12 micro-
scope with fluorescence capability, and the ratio of fluores-
cent (transgenic) to total flies was calculated. The results are
shown in Table 3, below. In these experiments, all 5 trans-
genic lines showed 100% lethality, in the absence of tetracy-
cline, and good survival (i.e. fluorescent:non-fluorescent ratio
~1:1), in the presence of 100 pg/ml tetracycline. Inspection of
the vials showed few or no large fluorescent larvae in the
absence of Tc, although many very small fluorescent larvae
were present, at a time when non-fluorescent (wild type for
LLA513) larvae were visible at all sizes. This suggests that, in
the absence of tetracycline, [LA513 causes lethality at an early
(embryonic and/or early larval) developmental stage.

TABLE 3
LAS513 insertions are tetracycline-repressible dominant lethals
0 pg/ml tetracycline 100 pg/ml tetracycline

LAS513 line #Flies # Fluorescent # Flies  # Fluorescent Ratio
0513 490 0 1963 937 0.48
M8 74 0 66 25 0.38
M13 657 0 1838 892 0.49
F23 473 0 1914 845 0.44
F24 61 0 114 60 0.53
Total 1755 0 5895 2759 0.47

Dominant lethality could have several causes. Without
being restricted by theory, it seems likely that, in the absence

oftetracycline, tTAV accumulates to a relatively high concen-
tration and that this is lethal, possibly due to transcriptional
squelching, or interference with protein degradation. An
alternative is that, in the absence of tetracycline, tTAV binds
to tetO and acts as a long-range enhancer, perturbing the
expression of genes near to the LA513 insertion. This appears
unlikely, as all 5 transgenic lines gave similar results. Each of
these lines was derived from a different GO injection survivor,
and these lines are, therefore, likely to carry LAS13 integrated
at different genomic sites. We verified this by inverse PCR.
Table 4, below, shows the integration sites for 3 of the lines; in
each case the LAS513 insertion was at a TTAA sequence, as
expected from the known insertion site preference of the
piggyBac transposon. As expected, the 3 insertions were
indeed at 3 different sites in the Drosophila genome.
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TABLE 4
Insertion giteg of LAS13 in Drosophila genome
Predicted Predicted Nearest
chromosome Drosophila predicted
Line Sequence Amplified or at Site of Integration arm cytology gene
0513 CacagcgcatgatgagcacaTTAAcaaaatgtagtaaaatagga 2L 25F4-25F5 CG9171
(SEQ ID NO. 1)
M8 GtttcgataaatattgctatTTAAaatgcttattttcaatgcta 2L 36F6-36F6 CG15160
(SEQ ID NO. 2)
F24 TttgttttctaacgttaaagTTAAagagagtccagccacatttt 2L 21C4-21C5 CG13691
(SEQ ID NO. 3)
15

Flanking sequence is shown with the TTAA insertion site
capitalised. Predicted chromosome locations, and the nearest
predicted gene, are also shown; these are based on the pub-
lished Drosophila genome sequence.

3.4% of the adult progeny carried LAS17. In the presence of
100 pg/ml tetracycline, this proportion was 42%. LAS17 is,
therefore, capable of driving effective expression of a heter-
ologous gene.

20
Example 3 TABLE 6
Reducing the TOXiCity of tTTAV Effect of tetracycline on th‘? survival of LA.517/+.’ +/tetO-hid Drosophila
. . . . and their +/+, +/tetO-hid siblings
The toxic effect of high level expression of tTAV is thought TetO-Hid x LA517/+
to be due to transcriptional squelching and/or interference
with ubiquitin-dependent proteolysis, via the VP16-derived [Te] Non-Fluorescent Fluorescent
section (Gossen and Bujard, 1992; Salghetti et al., 2001). We, 0 636 23
therefore, modified tTAV by removing the VP16 section and 100 174 127
replacing it with a synthetic sequence which encodes 3 copies |
of a peptide (PADALDDFDLDML) derived from VP16
(Baron and Buyjard, 2000; Baron et al., 1997). This derivative Example 4
was named tTAF; the resulting plasmid was named pLA517, P
and is SEQ ID NO. 17, and is shown, diagrammatically, in
accompan(}%ing FIG. 8. ’ » diagr Y s Use.ofAnalogues of TetraCYCling .
Drosophila melanogaster were transformed with this con- Line F23 was gsed to determlne? whether chemlcal. ana-
struct, and one transgenic line was obtained. LA513 het- logues of tetracych.ne could beusedin place of tetracycline to
erozygous males were crossed to wild type (for LAS13) suppress the lethality of LAS513. For this purpose we tested 3
females and the progeny scored for fluorescence (as adults). If ~ analogues at a range of concentrations from 0 to 100 pg/ml
all progeny are equally likely to survive, the expected propor- (suppliers: tetracycline and doxycycline, Sigma; 4-epi-ox-
tion of the total progeny that are fluorescent is 50%. In the =~ ytetracycline, Acros Organics; chlortetracycline Fuzhou
absence of tetracycline, this proportion was 32%, only a Antibiotic Group Corp.). We calculated the concentrations
modest reduction compared with 48% when parents and required for half-maximal survival. These are shown in Table
progeny were raised on diet supplemented with tetracycline 7, below.
to 100 pg/ml. The results are shown in Table 5, below. We 5
tested whether supplying tetracycline in the diet of the parents TABLE 7
but not of the progeny could reduce this lethality. In this case,
we observed an intermediate proportion of 0.37, indicating Efficacy of Te analogues
that maternally contributed tetracycline has a modest benefi- Concentration for
cial effect. 50 Line Tc/Analogue half-maximal survival, pg/ml
F23 Tetracycline 5.0
TABLE 5 F23 Doxyc};/cline 3.9
Effect of tetracycline on th‘? survivlal Qf LAS517/+ Drosophila and E;; Zl:zl;}?cf;g;ﬁl}iﬁne 453
their +/+ siblings
LAS517 »
Parent [Tc] pg/ml  Progeny [Tc] pg/ml  Non-Fluorescent  Fluorescent Example 5
0 0 165 78
100 100 524 482 Longevity of LA513/+ Adults in the Absence of Tetracycline
100 0 302 27 60  LAS13 clearly confers dominant lethality, active at an
embryonic and/or early larval stage. Larvae were raised on a
Since LA517, alone, had little impact on viability, unlike diet supplemented with 100 pg/ml tetracycline. After eclo-
the closely related construct LA513, we tested whether it was sion, adults were transferred to a diet lacking tetracycline.
capable of driving expression of a heterologous gene under The lifespan of these adults was measured, and also of com-
tetO control. For this we used tetO-hid (Heinrich and Scott, 65 parable w'''® non-transgenic adults. As shown in Table 8,

2000). Flies homozygous for tetO-hid were crossed with flies
heterozygous for LAS517. In the absence of tetracycline, only

below, the transgenic lines showed good adult survival rela-
tive to the non-transgenic control. This suggests that stage-
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specificity can be obtained in this way—here LAS13 is a
larval/embryonic lethal, but not an adult lethal.

TABLE 8

Mean adult lifespan of LAS13/+ transgenic Drosophila.

Mean post-eclosion

Line survival time, days  Standard deviation Number of Flies
0513 40.3 12.3 66
M8 26.1 2.5 9
M13 295 9.9 47
F23 29.6 11.3 83
F24 19.9 10.0 9
wlli® 222 8.6 88

It is possible to explain these longevity data by postulating
that larvae accumulate tetracycline by feeding, and retain this
tetracycline into adulthood, so that they survive even in the
absence of dietary tetracycline as adults. To examine this, flies
heterozygous for LA513/+ (M13 line) were raised as larvae
on various concentrations of tetracycline. After eclosion,
adults were transferred to diet lacking tetracycline and the
lifespan of these adults was measured, as above. As shown in
Table 9, below, the concentration of dietary tetracycline as
larvae had no obvious effect on subsequent adult longevity in
the absence of tetracycline, implying that adult survival is not
primarily due to retention of tetracycline from larval feeding.
At a concentration of 1 pg/ml, no transgenics survived to
adulthood, and at 3 pg/ml only about half of the expected
number survived to adulthood, so that this concentration is
close to the minimum for larval survival.

TABLE 9

Effect of larval tetracycline on adult longevity

Mean post-
eclosion
Larval tetracycline survival time, Standard
pg/ml days deviation Number of Flies

1 _ _ _

3 33.5 13.2 9

10 28.4 9.6 17

30 26.3 11.3 23

100 29.5 9.9 47

Another possible explanation for the survival of LA513/+
adults is that tTAV is inactive in adults, so that the positive
feedback cycle does not work, and tTAV does not accumulate.
We examined this by measuring the amount of tTAV mRNA
by quantitative PCR following a reverse transcriptase reac-
tion (quantitative rt-PCR, or gPCR). We used Tagman chem-
istry and reagents (ABI), and an ABI Prism 7000 qPCR
instrument. Each sample was assayed in triplicate; data are
the mean of these three assays. The 18S primers anneal to
Drosophila melanogaster, Ceratitis capitata and Aedes
aegypti 18S RNA, so these primers were used for all three
species.
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Priners Used:
SEQ
D
NO.
18S RNA
Forward Primer: ACGCGAGAGGTGAAATTCTTG 4
Reverse Primer: GAAAACATCTTTGGCARATGGTT 5

TagMan MGB Probe: 6 -Fam- CCGTCGTAAGACTAAC-MGB 6

tTAV

Forward Primer: CATGCCGACGCGCTAGA 7

GTAAACATCTGCTCAAACTCGAAGTC 8

Reverse Primer:

TagMan MGB Probe: VIC-TCGATCTGGACATGTTGG-MGB 9

We found that O513 raised on 100 pg/ml tetracycline had a
tTA:18S ratio 0f 0.00016 (larvae) and 0.00013 (adult). Adults
raised as larvae on 100 pg/ml tetracycline, but then trans-
ferred to non-tetracycline diet as adults had ratios 0f 0.0061,
0.0047, 0.0087 and 0.011 after 1, 2, 4 and 8 days without
tetracycline, respectively. This 28- to 64-fold increase in
expression relative to the tetracycline-fed control indicates
that the tTAV-based positive feedback expression system is
functional in adults.

Example 6

LAS513 in Aedes aegypti

Aedes aegypti (the yellow fever mosquito, also the major
vector of urban dengue fever) were transformed with LAS13.
Two independent insertion lines, LAS13A and LAS13B,
were obtained.

Males heterozygous for LAS13A (reared as larvae on 30
ng/ml tetracycline) were allowed to mate with wild type
females. Eggs were collected and the resulting larvae raised
in normal media, or in media supplemented with tetracycline
(Tc) to 30 pg/ml. The number of transgenic and non-trans-
genic adults resulting from these eggs was determined. Data
are the sum of at least 5 experiments. Larvae were reared at a
density of =250 individuals per litre; all the eggs in “no
tetracycline” experiments were washed twice before submer-
gence to avoid transferring tetracycline. For the “with tetra-
cycline” experiments, the parental blood and sugar-water was
supplemented with tetracycline to 30 pug/ml; for the “no tet-
racycline” experiments it was not. > test for differentiation in
ratio of the transgene and wild types for survival to adult:
“with tetracycline”, either orientation: P>0.05; “without tet-
racycline, either orientation P<0.001 (null hypothesis: geno-
type with respect to LA513 has no effect on survival).

LAS513A is, therefore, a repressible dominant lethal, with a
penetrance in these experiments of 95-97%. LA513B is also
a repressible dominant lethal, with a penetrance in these
experiments of 100%. The results are shown in Table 10,
below.
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TABLE 10
Effect of tetracycline on the survival of LAS13/+ dedes aegypti and their +/+ siblings.
Progeny
1St
Parents Tc as instar
Male Female Egg larvae Genotype larvae 274 39 4% Pupae  Adults
LASI3A/+ +/+ 1000 Yes LAS13A/+ 489 468 446 442 437 434
Wild type 444 431 403 400 396 392
++ LAS13A/+ 1000 Yes LAS13A/+ 442 420 404 399 393 383
Wild type 466 444 428 417 412 404
LASI3A/+ +/+ 540 No LASI3A/+ 274 265 235 208 155 7
Wild type 233 225 214 212 209 206
++ LAS13A/+ 497 No LASI3A/+ 216 205 181 168 131 9
Wild type 241 225 216 214 211 207
LAS13B/+ +/+ 377 Yes LAS513B/+ 161 153 147 141 139 131
Wild type 178 171 165 160 157 153
++ LAS513B/+ 442 Yes LAS513B/+ 189 181 170 166 161 153
Wild type 203 198 185 182 180 176
LAS13B/+ +/+ 188 No LASI3B/+ 69 19 0 0 0 0
Wild type 85 84 83 83 82 81
++ LAS513B/+ 240 No LASI3B/+ 91 60 0 0 0 0
Wild type 107 104 99 98 95 93
We examined the survival of LAS13A/+ males that had 25 Example 7

been raised on tetracycline (30 pg/ml), as larvae, but not given
tetracycline as adults. We found that all males tested survived
for three weeks, irrespective of genotype (LAS13A/LLAS13A,
LAS13A/+ or +/+) or the presence or absence of tetracycline
in their diet (n=40 for each genotype).

We examined the survival of LAS13A/+ males that had
been raised on tetracycline (30 pg/ml), as larvae, but not given
tetracycline as adults. We found that all males tested survived
for three weeks, irrespective of genotype (LAS13A/LLAS13A,
LAS13A/+ or +/+) or the presence or absence of tetracycline
in their diet (n=40 for each genotype).

We investigated the induction kinetics of tTAV in adult
LA513B/+ mosquitoes after withdrawal of tetracycline, using
qPCR. As shown in Table 11, below, tTAV increased in males
and females following withdrawal of tetracycline. Induction
of tTA expression is fairly rapid after removal of Tc, as with
Drosophila. In each case, shifting between diets containing
different levels of tetracycline provides a level of control over
the expression level of genes controlled by tTA (here exem-
plified by tTA itself), using such a positive feedback system.

TABLE 11

Induction of tTA expression in LA513B/+ males following
withdrawal of tetracycline

tTA:18S expression

Time (days) without tTA:18S expression relative to male with

Sex tetracycline ratio tetracycline
Male 0 0.00036 1
Female 0 0.00060 1.7
Male 3 0.0043 12
Female 3 0.014 38
Male 4 0.054 150
Female 4 0.019 530
Male 8 0.012 34
Female 8 0.52 1500
Male 16 0.10 280
Female 16 0.032 88
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Tetracycline-Repressible Enhancement of a Nearby Pro-
moter by tTAV in a Positive Feedback Configuration

We observed that the fluorescent marker in LA5S13A and
L.A513B transgenic mosquitoes showed a different pattern of
fluorescence in the absence of tetracycline, compared with
the pattern in the presence of tetracycline. Fluorescence in the
presence of tetracycline was typical of Actin5SC-driven
expression in mosquitoes (Catteruccia et al, 2000; Pinkerton
et al., 2000), and limited largely to the swollen part of the
thorax. In contrast, in the absence of tetracycline, expression
was much stronger and evident substantially throughout the
body of transgenic individuals. In each case, assessment of
fluorescence intensity and expression pattern was made by
visual observation using fluorescence microscopy.

Elevated expression of tTAV in this positive feedback situ-
ation appears, therefore, to be stimulating expression from
the nearby ActinSC promoter. This is illustrated, diagram-
matically, in FIG. 9. We also found that intermediate concen-
trations of tetracycline, just sufficient substantially to sup-
press the lethality of LA513, did not suppress this broader
expression pattern of fluorescence. At these intermediate con-
centrations of tetracycline, tTAV accumulates to an interme-
diate level—sub-lethal, but higher than in 30 ng/ml tetracy-
cline, and which still influences the expression of DsRed2.
This again exemplifies the additional control available by
modulating tetracycline concentration.

FIG. 9 illustrates the bidirectional action of tetO, in 513A
and 513B mosquitoes. In 513, DsRed2 is under the transcrip-
tional control of the Drosophila Actin5C promoter.

(A) In the presence of tetracycline, relatively little tTAV is
produced, this binds tetracycline and has little or no effect
on DsRed?2 expression. DsRed?2 is seen in a pattern typical
of Actin5C expression in mosquitoes.

(B) In the absence of tetracycline, tTAV stimulates its own
expression in a positive feedback loop.

(C) tTAV binding to the tetO sites enhances expression of
both the hsp70 minimal promoter, and hence tTAV, but also
the Actin5C promoter, and hence DsRed?2.
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Example 8

LAG656,1.A928 and [LA1124 in Ceratitis capitata

No transgenic lines of the Mediterranean fruit fly (medfly,
Ceratitis capitata Wiedmann) were obtained, using pLA513,
probably indicating that the ActinSC-based marker of
pLAS513 is inappropriate for use in medfly. This emphasises
the desirability of expression constructs with a wide species
range. We, therefore, modified the construct to include a
polyubiquitin (ubi-p63E)-based marker instead of the
Actin5C-based one of pLLA513. One such construct is
pLA656. We also made two additional constructs, pLA928
and pLA1124 (SEQID NO’s 18, 20 and 21, respectively, and
shown, diagrammatically, in FIGS. 10, 11 and 12), using a
marker based on the hr5 enhancer and iel promoter from a

22

raised on the same diet, supplemented with tetracycline to
100 pug/ml in the case of the transgenic males. The wild type
females to which these males were mated were raised without
tetracycline, to eliminate any potential maternal contribution
oftetracycline. The number of transgenic and non-transgenic
pupae and adults obtained from each cross was determined by
scoring for DsRed2 by fluorescence microscopy.

The results of these crosses are shown in Table 12, below.
In each case, in the absence of tetracycline, survival of the
heterozygous transgenics was less than 2% relative to their
wild type shifting between diets containing different levels of
tetracycline, modifying the construct, and using position
effect, are discussed elsewhere herein.

TABLE 12

Effect of tetracycline on the survival of transgenic medfly heterozygous

for various constructs, and their +/+ siblings

Adult
Progeny Pupal survival
[Te] F/NF survival F F NF NF ratio
(ng/ml) pupae ratio (%) male female male female (%)
LA656 0 84/1161 7 6 2 530 551 0.7
0.1 16/423 4 0 0 205 177 0
1 124/384 32 34 12 155 174 14
3 258/370 70 84 53 165 133 46
10 249/252 99 91 98 107 127 81
100 330/307 107 151 150 134 148 107
LA928ml1 0 28/1499 1.87 5 1 661 639 0.46
0.1 0/765 0 0 0 347 246 0
1 190/256 74 62 59 119 101 55
3 290/302 96 133 98 143 107 92
10 nd nd nd nd nd nd nd
100 222/286 77 117 84 146 126 74
LA928m3 0 68/1026 6.6 13 4 489 449 1.8
0.1 0/265 0 0 0 117 91 0
1 358/446 80 154 100 228 164 65
3 105/105 100 39 35 42 38 93
10 nd nd nd nd nd nd nd
100 245/245 100 109 121 117 108 100
LA928f1 0 17/1331 1.3 2 0 639 599 0.16
0.1 2/254 0.8 0 0 100 84 0
1 461/567 81 218 146 244 181 85
3 520/527 99 214 182 249 202 88
10 350/399 91 139 112 131 159 87
100 126/117 108 63 57 57 49 113
LA1124f1 0 104/213 51 0 3 95 62 1.9
100 478/536 89 218 208 205 203 104
LA1124m1 0 337/437 77 2 1 176 207 0.78
100 84/90 93 35 31 30 26 118
LA1124m?2 0 104/145 72 0 1 46 34 1.3
100 77777 100 24 14 19 13 119

F: fluorescent;

NEF: non-fluorescent.

baculovirus (Autographica californica nuclear polyhedrosis
virus, AcCMNPV). These differ in the orientation of the marker
with respect to the tetO-tTAV cassette. The hr enhancer is
closer to the tetO-tTAV cassette in pLA1124 than in p[LA928.
Furthermore, plLA1124 has 21, rather than 7, copies of tetO
and additionally has a putative GAGA-factor binding region
related to that of pUASp (Rorth, 1998).

One transgenic line was obtained from pLLA656, three for
pLA928, and three for pL.A1124. These lines are assumed to
have independent insertions, as they were derived from dif-
ferent GO injection survivors.

Males heterozygous for each line were crossed to wild type
females. The progeny were raised on standard yeast/sugar/
wheatgerm or yeast/sugar/maize Drosophila diet, supple-
mented with tetracycline as appropriate. The parents were
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Pupae were collected and scored for fluorescence (column
3), then allowed to eclose. Surviving adults were scored for
sex and fluorescence (columns 5-8). From these data on
adults, the ratio of fluorescent to non-fluorescent survivors
was calculated, presented in column 9 as the percentage of
fluorescent adults observed relative to non-fluorescent. Itis to
be expected that these crosses give, on average, equal num-
bers of transgenic and non-transgenic individuals; if an equal
proportion of transgenic and non-transgenic individuals were
to survive to adulthood, then this would give an “adult sur-
vival ratio” of 100%.

We further investigated the expression of tTA in these
transgenic lines by quantitative (real-time) rt-PCR (qPCR).
The results are given in Table 13, below.
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TABLE 13
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TABLE 13-continued

Expression levels of tTA in wild type and transgenic medfly

Expression levels of tTA in wild type and transgenic medfly

Sample tTA/18S ratio NT/T ratio s Sample tTA/18S ratio NT/T ratio
Larvae 1124m1 FNT S 9.30E-04 57.55
1124m2 F tet 8.98E-05 1.00
WT tet 313506 lllirznzgnz 1:)111? 7d 7.90E-04 8.79
WT NT 2.81E-06 e
656 tet 5.80E-06 1.00 10 656 tet 8 d 1.49E-05 1.00
656 NT 2.06E-04 36 656 NT 0 d 9.23E-05 6.2
670A tet 2.71E-06 1.00 656 NT 2 d 3.90E-03 262
670ANT 1.10E-04 41 656 NT 4 d 1.92E-03 129
670e tet 9.70E-06 1.00 656 NT & d 4.770E-03 316
670e NT 8.40E-05 8.7 656 NT 16 d 8.58E-04 58
Adults 15
M: male;
WT female 2.83E-06 F: female;
WT male 2.16E-07 tet: raised on diet supplemented with tetracycline to 100 pg/ml;
Heterozygous NT S: raised on standard diet (0 pg/ml tetracycline);
d: days post-eclosion;
sss 10 Lo g Nt sl oo (XD e
656tet M 8 d 1.12E-05 2.0 ' ’ ’
656 NTM 0d 4.49E-05 8.1
656 NTM 2d 2.77E-04 50 Example 9
656 NTM 4d 2.22E-04 40
656 NT M 8d 9.71E-05 18 LAG670 in Ceratitis capitata
656 NTM 16d 1.49E-04 27 25 We obtained a single transgenic line of medfly by transfor-
2;8 ;Attit ;'éég"gg é'gg mation with pLLA670, a construct which closely resembles
C . —! . B . . . . .
670 M NT S 6.93E-05 16.45 pLA656. This plasmid is illustrated in accompanying FIG.
670F NT S 1.92E-04 45.57 13, and is SEQID NO. 23. o
928Am1 F fet 7.17E-06 1.00 However, this transgenic line gave a significant number of
928Am1 M tet 8.56E-06 1.19 30 adult transgenic progeny, even when raised as larvae on diet
928Am1 M NT 1.71E-04 2381 lacking tetracycline (Table 14). However, this LA670 inser-
3;8 Am1 M NT 5 3604 7472 tion line does produce a readily detectable amount of tTAV
ad mRNA in the absence of tetracycline, and this is substantially
928Am1 M NT 1.91E-04 26.66 reduced by dietary tetracycline (assessed by qPCR, results
8d 35 shown in Table 13, above). LA670, therefore, represents a
928Aml MNT 1.01E-03 141 useful regulatable source of tTAV with which to drive the
16d . . . .
928Am1 M tet 1L11E-06 0.16 expression of tTAV-responsive genes. The difference in phe-
8d notype between LA656 and LA670, which are extremely
928Am1 MNT § 2.22E-04 31.02 20 similar in structure, is probably due to position effect, which
928Aml MNT $ 1.51E-04 2L11 is the variation in expression of transgenes depending on
928Am3 F tet 9.09E-07 1.00 . . .
028Am3 M tet 6.09E_07 100 where they have inserted in the genome. Such variation is also
928Am3 FNT S 3.62F-05 39.85 shown by the variation in phenotype and tTAV expression
928Am3 FNT S 8.74E-04 962.07 levels between different transgenic lines with the same con-
928Am3 FNT§ 2.99E-04 32932 45 struct, as shown in Table 13, above. A simple method for
928Am3 MNT S 3.338-03 60.83 obtaining transgenic lines carrying positive feedback con-
928Am3 M NT S 9.18E-04 1009.90 ot 1 . .
112461 F tet 3 86E-05 1.00 structs with different expression levels and phenotypic con-
1124fl FNT 7d 4.11F-04 1435 sequences is therefore provided, comprising generating a
1124m1 M tet 1.62E-05 1.00 panel of insertion lines and screening for suitable basal and
de-repressed expression levels and patterns.
TABLE 14
Effect of tetracycline on the survival of transgenic medfly heterozygous for LA670, and
their +/+ siblings
Pupal Adult
Progeny [Tc] F/NF survival F F NF NF survival
(ng/ml) pupae  ratio (%) male female male female ratio (%)
LA670 0 182/220 83 72 35 102 103 52
100 10/8 125 5 3 5 3 100

F: fluorescent;

NEF: non-fluorescent.
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Pupae were collected and scored for fluorescence (column
3), then allowed to eclose. Surviving adults were scored for
sex and fluorescence (columns 5-8). From these data on
adults, the ratio of fluorescent to non-fluorescent survivors
was calculated, presented in column 9 as the percentage of
fluorescent adults observed relative to non-fluorescent. It is to
be expected that these crosses give, on average, equal num-
bers of transgenic and non-transgenic individuals; if an equal
proportion of transgenic and non-transgenic individuals sur-
vived to adulthood, this would give an “adult survival ratio” of
100%.

We tested the ability of LA670 to drive expression of
sequences placed under the transcriptional control of tetO.
We analysed the expression of two potential mRNAs from
pLA1038 (FIG. 14, SEQ ID NO. 24), which contains two
potential tTA-responsive transcription units, divergently tran-
scribed. These are CMV-tTA and hsp70-Cctra-nipper. PCR
analysis, with controls, was performed on the expression of
these transcription units in the presence and absence of
pLA670. Both transcription units are expressed in the pres-
ence of pLA670. CMV-tTA is expressed at a lower, but detect-
able, level in LA1038/+ transgenics in the absence of LA670.
hsp70-Cctra-nipper is not detectably expressed in the absence
of pLA670, showing that expression is indeed driven by, and
dependent on, tTAV supplied by pLLA670.

Example 10

LA710 in Pectinophora gossypiella

Pectinophora gossypiella (pink bollworm, a lepidopteran)
was transformed with LA710 (FIG. 15, SEQ ID NO. 19) by
standard methods (Peloquin et al., 2000). Four transgenic
lines were recovered. Males of these lines were crossed with
females wild type for LA710. Newly hatched larvae were
placed in individual 1.7 ml vials with diet, either with or
without 7-chlortetracycline (40 pg/ml), and scored for fluo-
rescence. No significant difference was observed in the num-
bers of transgenics surviving to adulthood relative to numbers
of their wild type siblings, either with or without chlortetra-
cycline. We conclude that LA710 does not typically lead to
the accumulation of lethal levels of tTAV, even in the absence
of dietary chlortetracycline.

We examined the expression of tTAV mRNA in LA710
transgenics by PCR following a reverse transcriptase reaction
(rt-PCR). We found that tTAV mRNA was not detectable in
chlortetracycline-fed larvae, but was detectable in larvae
which had not received chlortetracycline (data not shown).
This positive feedback construct LA710, therefore, provides,
in these moths, a source of tTAV that can be regulated by
supplying dietary chlortetracycline, and for which de-re-
pressed expression, though readily detectable, is non-lethal.
We also observed significant variation in the intensity of the
band corresponding to tTAV mRNA in samples from different
lines.

Example 11

LA1124 in Pectinophora gossypiella

Pectinophora gossypiella (pink bollworm, a lepidopteran)
was transformed with LA1124 (FIG. 12, SEQ ID NO. 21) by
standard methods (Peloquin et al., 2000). A single transgenic
line was recovered. Males of this line were crossed with
females wild type for LA1124. Newly hatched larvae were
placed in individual 1.7 ml vials with diet, either with or
without 7-chlortetracycline (40 pg/ml), and scored for fluo-
rescence. These larvae were screened again when they had
had time to develop to a late larval stage. All larvae survived,
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except for the fluorescent (LA1124/+) larvae on diet lacking
chlortetracycline, as shown in Table 15, below.

TABLE 15

Pink bollworm: survival from early to late larval stage of LA1124/+ or
their wild type siblings. on diet with or without chlortetracycline

100 pg/ml 0 pg/ml
chlortetracycline chlortetracycline
LA1124/+ Wild-type LA1124/+ Wild-type
3 (0 dead) 11 (0 dead) 8 (8 dead) 7 (0 dead)

We examined the expression of tTAV mRNA in LA1124
pink bollworm by PCR following a reverse transcriptase reac-
tion (rt-PCR). We found that tTAV mRNA was readily detect-
able in chlortetracycline-fed larvae, but considerably elevated
in larvae which had not received chlortetracycline (data not
shown). The significant basal expression of tTAV mRNA in
this construct is probably due to the inclusion in LA1124 of
the hr enhancer, which was included for this reason. Com-
parison of the structure and function of LA1124 with that of
LA710 clearly illustrates that basal and maximum levels of
the gene product can readily be selected by appropriate modi-
fication of the expression construct, this principle being dem-
onstrated, here, by regulating levels of expression of a tTAV-
dependent RNA (in this case the tTAV mRNA).

Example 12

Sex-specific Expression Using Positive Feedback

Itis preferred to control, by design, the expression of tTAV
from a positive feedback construct, so that it can be differen-
tially expressed in different tissues, or different developmen-
tal stages, or different sexes, for example. One application for
this is in genetic sexing, in which a sexual dimorphism is
induced between the two sexes and this is used as a basis for
separating the two sexes. In the context of the Sterile Insect
Technique, e.g. for medfly, this preferably means killing the
females, most preferably at an early stage in their develop-
ment. No early-acting female-specific promoters are known
for medfly, which limits the potential of the two-component
repressible dominant lethal system exemplified for Droso-
phila using promoters or enhancers from yolk protein genes
(Heinrich and Scott, 2000; Thomas et al., 2000). It would
clearly be advantageous to be able to combine the beneficial
characteristics of a conditional positive feedback system with
a mechanism conferring female specificity.

We, therefore, modified a non-sex-specific positive feed-
back construct by inserting a sex-specific intronic region from
Cctra, the medfly homologue of the Drosophila melanogaster
gene transformer (Pane et al, 2002). The sex-specific splicing
of Cctra is illustrated diagrammatically in FIG. 16, which is
adapted from (Pane et al, 2002) supra. FIG. 16 shows the
genomic organisation of the medfly tra gene. The top line
represents the genomic Cctra locus. Exons are shown as
blocks; aug marks the shared start codon. The alternate splice
junctions are marked i. Putative tra/tra-2 binding sites are
marked with arrowheads. Transcript F1, the only one to
encode functional Cctra protein, is specific to females. Tran-
scripts M1 and M2 are found in both males and females.

Three main transcripts are produced: M1, M2 and F1.
Transcript F1 is found only in females, and is the only one to
encode full-length, functional Cctra protein. Transcripts M1
and M2 are found in both males and females, and include
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additional exonic sequence, which inserts one or more stop
codons relative to transcript F1, leading to truncation of the
open reading frame.

We inserted the Cctra intron into the open reading frame of
tTAV, so that excision by splicing of the complete intron, in
the manner of transcript F1, would reconstitute an intact tTAV
coding region, but splicing in the manner of either M1 or M2
would result in a truncated protein incapable of acting as a
transcriptional enhancer. The resulting plasmid, pLA1188
(F1G.17, SEQ ID NO. 22), was injected into medfly embryos.
Surviving larvae were recovered, and extracts from these
larvae were analysed by rt-PCR to determine the splicing
pattern of the tTAV transcript.

Female larvae yielded PCR products corresponding to the
expected sizes that would result from splicing in the pattern of
the endogenous Cctra gene, in other words corresponding to
splicing in the M1, M2 and F1 patterns. These data indicate
that the Cctra intron can splice correctly in a heterologous
context and, therefore, provides a suitable method for intro-
ducing sex-specificity into a positive feedback construct. Fur-
thermore, since tra function is conserved across a wide phy-
logenetic range (Saccone et al., 2002), and other sex-specific
introns are known, e.g. in the Drosophila melanogaster gene
double-sex (dsx), which is also well conserved, this provides
a general method for manipulating the expression of genes. It
will be apparent to the person skilled in the art that such
manipulations can alternatively, or additionally, be applied to
other genes responsive to a transcriptional activator, so that
sex-specific expression of a target gene can be achieved by
combining non-sex-specific expression of a transcriptional
activator with sex-specific expression, e.g. through splicing,
of a functional RNA under the transcriptional control of the
transcriptional activator. Furthermore, it will also be apparent
that this provides a simple mechanism for differential expres-
sion of two, or more, different target genes, or gene products,
such that one, or one group, is expressed in both sexes and the
other, or other group, in only one sex. This is illustrated for
medfly in FIG. 18.

The primers used were:

(SEQ ID NO. 12)
Tra (tTAV) Seq+: 5'-CCTGCCAGGACTCGCCTTCC
(SEQ ID NO. 13)

Tra (tTAV) Seg-:

RT-PCR products of ~600 and ~200 bp were produced
when cDNA derived from female medflies 1 and 2 was used
as a template, representing “male” (M1 and M2) and female-
specific (F1) spliced forms of mRNA respectively (data not
shown). The ~200 bp product could have been produced due
to contamination with tTAV DNA—the female spliced form
completely removes the Cctra intron an so leads to a PCR
product that is identical to that which would be obtained from
any of several tTAV-containing plasmids or samples handled
in the same laboratory. The ~600 bp band, in contrast, retains
~400bp of Cctra sequence and is diagnostic of correct splic-
ing of the construct.

In another experiment (data not shown), expression of
transcripts from [LA1038 in response to tTAV from LA670
was analysed by gel chromatography (data not shown), using:
A: rt-PCR for expression of CMV-tTA from [LA1038 in

extracts from LA1038/+, LA670/+ double heterozygotes;
B: rt-PCR for expression of hsp70-Cctra-nipper in extracts

from LA1038/+, LA670/+ double heterozygotes; and
C: rt-PCR for expression of CMV-tTA from LA1038 in
extracts from LA1038/+ heterozygotes without LA670.

5'-GTCATCAACTCCGCGTTGGAGC
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All flies were raised in the absence of dietary tetracycline.
In A and C, two bands were present between 200 bp and 400
bp and represent cDNA from spliced mRNA (lower molecu-
lar weight band) and genomic DNA or cDNA from unspliced
message (higher molecular weight band) respectively. In B, a
band at approximately 200 bp represents cDNA from mRNA
spliced in the pattern of the Cctra female-specific F1 tran-
script, an upper band of approximately 1500 bp representing
genomic DNA or cDNA from unspliced message, and bands
of intermediate size representing cDNA spliced in the pattern
of'the Cctra non-sex-specific M1 and M2 transcripts, or non-
specific bands.

Primer Sequences Used Were:

hsp70-Cetra-nipper:

NIP: 5'-CATCGATGCCCAGCATTGAGATG

and

HSP: 5'-CAAGCAAAGTGAACACGTCGCTAAGCGAAAGCTA;
CMV-tTA:

CMV: 5'-GCCATCCACGCTGTTTTGACCTCCATAG

and

TTA: 5'-GCCAATACAATGTAGGCTGCTCTACAC

These data (not shown) demonstrate that the hsp-Cctra-
nipper section of LA1038 is shown to be correctly spliced in
the female form in 6/6 females, and in the male form in 6/6
males.

REFERENCE SEQUENCES

JY2004-tTA (SEQ ID NO. 14)—sequence of the tetO,-tTA
region only

pP[Casper-ActSC-tTA] (SEQ ID NO. 15)

pLAS13 (SEQ ID NO. 16)

pLAS17 (SEQ ID NO. 17)

pLA656 (SEQ ID NO. 18)

pLA670 (SEQ ID NO. 23)

pLA710 (SEQ ID NO. 19)

pLA928 (SEQ ID NO. 20)

pLA1038 (SEQ ID NO. 24)

pLA1124 (SEQ ID NO. 21)

pLA1188 (SEQ ID NO. 22)
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 33

<210> SEQ ID NO 1

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Drosophila sp.

<400> SEQUENCE: 1

cacagcgcat gatgagcaca ttaacaaaat gtagtaaaat agga 44

<210> SEQ ID NO 2

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Drosophila sp.

<400> SEQUENCE: 2

gtttcgataa atattgctat ttaaaatgct tattttcaat gcta 44

<210> SEQ ID NO 3

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Drosophila sp.

<400> SEQUENCE: 3

tttgttttet aacgttaaag ttaaagagag tccagccaca tttt 44

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 4

acgcgagagg tgaaattctt g 21

<210> SEQ ID NO 5

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 5

gaaaacatct ttggcaaatg ctt 23
<210> SEQ ID NO 6

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide portion of TagMan MGB probe

<400> SEQUENCE: 6

ccgtegtaag actaac 16

<210> SEQ ID NO 7
<211> LENGTH: 17
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-continued

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 7

catgccgacg cgctaga 17

<210> SEQ ID NO 8

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 8

gtaaacatct gctcaaactc gaagtc 26

<210> SEQ ID NO 9

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Nucleotide portion of TagMan MGB probe

<400> SEQUENCE: 9

tcgatcectgga catgttgg 18

<210> SEQ ID NO 10

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 10

gccctecgatg gtagacccecgt aattg 25

<210> SEQ ID NO 11

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 11

gctaaacaat ctgcaggtac cctggceg 27

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 12

cctgccagga ctcgecttece 20

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 13
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-continued
gtcatcaact ccgcgttgga gc 22
<210> SEQ ID NO 14
<211> LENGTH: 2556
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: JY2004-tTA
<400> SEQUENCE: 14
geggecgeat agtcgacatt tcgagtttac cactcectat cagtgataga gaaaagtgaa 60
agtcgagttt accactccct atcagtgata gagaaaagtg aaagtcgagt ttaccactce 120
ctatcagtga tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa 180
agtgaaagtc gagtttacca ctccctatca gtgatagaga aaagtgaaag tcgagtttac 240
cactcectat cagtgataga gaaaagtgaa agtcgagttt accactccct atcagtgata 300
gagaaaagtyg aaagtcgagc tcggtaccceg ggtcgaggta ggcgtgtacg gtgggaggece 360
tatataagca gagctegttt agtgaaccgt cagatcgect ggagacgceca tccacgetgt 420
tttgacctcee atagaagaca ccgggaccga tcecagcectece geggecccega attcgagete 480
ggtacceggyg gatccccget cgagetgaat agggaattgg gaattggage agaggtgggt 540
tcttegecatt acactgttceg ccacaatctt gtttattcat tegecttgea ggttgecace 600
atggaattga gattagataa aagtaaagtg attaacagcg cattagagct gcttaatgag 660
gteggaatcyg aaggtttaac aacccgtaaa ctcgcccaga agctaggtgt agagcagect 720
acattgtatt ggcatgtaaa aaataagcgg getttgcteg acgecttage cattgagatg 780
ttagataggc accatactca cttttgecct ttagaagggg aaagctggca agatttttta 840
cgtaataacg ctaaaagttt tagatgtgcet ttactaagte atcgcgatgg agcaaaagta 900
catttaggta cacggcctac agaaaaacag tatgaaactc tcgaaaatca attagecttt 960
ttatgccaac aaggtttttc actagagaat gcattatatg cactcagcgce tgtggggcat 1020
tttactttag gttgcgtatt ggaagatcaa gagcatcaag tcgctaaaga agaaagggaa 1080
acacctacta ctgatagtat gccgccatta ttacgacaag ctatcgaatt atttgatcac 1140
caaggtgcag agccagcctt cttattcgge cttgaattga tcatatgcgg attagaaaaa 1200
caacttaaat gtgaaagtgg gtccgcgtac agccgcgegce gtacgaaaaa caattacggg 1260
tctaccateg agggectgcet cgatctecceg gacgacgacyg ccecccgaaga ggcggggctyg 1320
geggeteege gectgtectt teteccegeg ggacacacge gecagactgtce gacggcccece 1380
ccgaccgatg tcagectggg ggacgagete cacttagacyg gcegaggacgt ggcgatggeg 1440
catgccgacg cgctagacga tttcgatctg gacatgttgg gggacgggga ttccccegggt 1500
ccgggattta ccccccacga cteccgecccee tacggcgete tggatatgge cgacttcecgag 1560
tttgagcaga tgtttaccga tgcccttgga attgacgagt acggtgggta gtgaaacgcg 1620
tctagagctg agaacttcag ggtgagtttg gggacccttg attgttcttt cttttteget 1680
attgtaaaat tcatgttata tggagggggc aaagttttca gggtgttgtt tagaatggga 1740
agatgtccct tgtatcacca tggaccctca tgataatttt gtttcectttceca ctttctacte 1800
tgttgacaac cattgtctcecc tettatttte ttttcatttt ctgtaacttt ttcgttaaac 1860
tttagcttge atttgtaacg aatttttaaa ttcacttttg tttatttgtc agattgtaag 1920
tactttectct aatcactttt ttttcaaggc aatcagggta tattatattg tacttcagca 1980
cagttttaga gaacaattgt tataattaaa tgataaggta gaatatttct gcatataaat 2040
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-continued
tctggetgge gtggaaatat tcettattggt agaaacaact acaccctggt catcatcctg 2100
cctttetett tatggttaca atgatataca ctgtttgaga tgaggataaa atactctgag 2160
tccaaaccgg geccctcectge taaccatgtt catgecttet tetcetttect acagetectg 2220
ggcaacgtgce tggttgttgt gctgtctcat cattttggca aagaattcac tcctcaggtyg 2280
caggctgect atcagaaggt ggtggctggt gtggccaatg ccctggctca caaataccac 2340
tgagatcttt ttccctctge caaaaattat ggggacatca tgaagcccct tgagcatctg 2400
acttctggct aataaaggaa atttattttc attgcaatag tgtgttggaa ttttttgtgt 2460
ctctcactcg gaaggacata tgggagggca aatcatttaa aacatcagaa tgagtatttg 2520
gtttagagtt tggcaacata tgcccatagc ggccgce 2556
<210> SEQ ID NO 15
<211> LENGTH: 12087
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pP[Casper-Act5C-tTA]
<400> SEQUENCE: 15
gatccatgag caattagcat gaacgttctg aaaagcgcegt ttagctctec actacttaca 60
catattctat gctgcaatat tgaaaatcta ataaacaaaa ctaatgtaca ttaattctte 120
agttttgaat atccttctecc tgactttctt atttagaatt aatataatac tgcatacatt 180
aatactgtaa atatgataag tacctgcaaa acactgcage tcaagtctta atgaggttct 240
gcgatagett agcataatta gtaacttatc gegcagaatt ccectaatgtt cecgacctac 300
atgtacttct gatagttgcc gaggtcaaat gttgttgtat ttgtattata cctcaatatt 360
ggtatattca atatctaata gtacccaatt caattgcaaa gatagtcatt aaaaaaacct 420
aaatcacttg caaattgact tttctgecgg aaaagcaacce ttgacacaca aagttaatta 480
gtttatctgg aagtcatgtg agaaatttgt aaataaaatt tttcgcagta atttaagtgg 540
gectaatcee ttttaagcat cttggtttta cgatgacacce gcaataaggt acaactttat 600
attgtttttg caatcagctt gagtctttat taggcatcag tctttctcte taagtttcett 660
cgtgcaataa atgaggttcc aaactccgta gatttttect tetttgttga atccagatce 720
tgcaaagaaa aaagagcaaa cccctaggte tgtccaggaa tgtatttteg tgtttgtcga 780
tcgaccatgg tctecgagagg ccttgcagee aagetttgeg tactcgcaaa ttattaaaaa 840
taaaacttta aaaataattt cgtctaatta atattatgag ttaattcaaa ccccacggac 900
atgctaaggg ttaatcaaca atcatatcge tgtctcacte agactcaata cgacactcag 960
aatactattc ctttcactcg cacttattgc aagcatacgt taagtggatg tcectcttgecg 1020
acgggaccac cttatgttat ttcatcatgg tctggccatt ctcatcgtga gettceccecgggt 1080
gctegcatat ctggctctaa gacttcggge ccgacgcaag gagtagccga catatatcecg 1140
aaataactgc ttgttttttt ttttaccatt attaccatcg tgtttactgt ttattgcccce 1200
ctcaaaaagc taatgtaatt atatttgtgc caataaaaac aagatatgac ctatagaata 1260
caagtatttc cccttcgaac atccccacaa gtagactttg gatttgtctt ctaaccaaaa 1320
gacttacaca cctgcatacc ttacatcaaa aactcgttta tcgctacata aaacaccggg 1380
atatattttt tatatacata cttttcaaat cgcgcgccect cttcataatt cacctccacc 1440
acaccacgtt tcgtagttge tetttegetg tcteccacce gectctecgeca acacattcac 1500
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cttttgttcg acgaccttgg agcgactgtce gttagttecg cgcgattcgg tgcggtattt 1560
cacaccgcat atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 1620
ccegacaccee gccaacacce getgacgege cctgacggge ttgtetgete cceggeatccg 1680
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 1740
caccgaaacg cgcgagacga aagggcctcg tgatacgect atttttatag gttaatgtca 1800
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 1860
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 1920
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 1980
ccettattee cttttttgeg gecattttgcee ttectgtttt tgctcaccca gaaacgctgg 2040
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 2100
tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 2160
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 2220
tcggtegecg catacactat tcectcagaatg acttggttga gtactcacca gtcacagaaa 2280
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 2340
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 2400
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 2460
aagccatacce aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttge 2520
gcaaactatt aactggcgaa ctacttactc tagcttcceg gcaacaatta atagactgga 2580
tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget ggctggttta 2640
ttgctgataa atctggagcc ggtgagcegtg ggtcectcecgegg tatcattgca gcactggggce 2700
cagatggtaa gccctccecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 2760
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 2820
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 2880
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 2940
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 3000
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 3060
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 3120
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 3180
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 3240
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 3300
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 3360
gatacctaca gcgtgagcta tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 3420
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 3480
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 3540
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cttcttcecttg aactcgggcet 3600
cggtgccagt atacctcaaa tggttgtcgt acctctcatg gttceccgttac geccaacgagg 3660
gtctgctgat taaccaatgg gcggacgtgg agccgggcga aattagctgce acatcgtcega 3720
acaccacgtg ccccagtteg ggcaaggtca tcctggagac gcecttaactte tecgecgecg 3780
atctgceget ggactacgtg ggtctggcce atgatgaaat aacataaggt ggtcccgtceg 3840
aaagccgaag cttaccgaag tatacactta aattcagtgc acgtttgctt gttgagagga 3900
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aaggttgtgt gcggacgaat ttttttttga aaacattaac ccttacgtgg aataaaaaaa 3960
aatgaaatat tgcaaatttt gctgcaaagc tgtgactgga gtaaaattaa ttcacgtgcce 4020
gaagtgtgct attaagagaa aattgtggga gcagagcctt gggtgcagcec ttggtgaaaa 4080
ctcccaaatt tgtgataccc actttaatga ttcgcagtgg aaggctgcac ctgcaaaagg 4140
tcagacattt aaaaggaggc gactcaacgc agatgccgta cctagtaaag tgatagagcce 4200
tgaaccagaa aagataaaag aaggctatac cagtgggagt acacaaacag agtaagtttg 4260
aatagtaaaa aaaatcattt atgtaaacaa taacgtgact gtgcgttagg tcctgttcat 4320
tgtttaatga aaataagagc ttgagggaaa aaattcgtac tttggagtac gaaatgcgtc 4380
gtttagagca gcagccgaat taattctagt tccagtgaaa tccaagcatt ttctaaatta 4440
aatgtattct tattattata gttgttattt ttgatatata taaacaacac tattatgccc 4500
accatttttt tgagatgcat ctacacaagg aacaaacact ggatgtcact ttcagttcaa 4560
attgtaacgc taatcactcc gaacaggtca caaaaaatta ccttaaaaag tcataatatt 4620
aaattagaat aaatatagct gtgagggaaa tatatacaaa tatattggag caaataaatt 4680
gtacatacaa atatttatta ctaatttcta ttgagacgaa atgaaccact cggaaccatt 4740
tgagcgaacce gaatcgegceg gaactaacga cagtcgctece aaggtcegteyg aacaaaaggt 4800
gaatgtgttyg cggagagcgg gtgggagaca gcgaaagagc aactacgaaa cgtggtgtgg 4860
tggaggtgaa ttatgaagag ggcgcgcgat ttgaaaagta tgtatataaa aaatatatcc 4920
cggtgtttta tgtagcgata aacgagtttt tgatgtaagg tatgcaggtg tgtaagtctt 4980
ttggttagaa gacaaatcca aagtctactt gtggggatgt tcgaagggga aatacttgta 5040
ttctataggt catatcttgt ttttattggc acaaatataa ttacattagc tttttgaggg 5100
ggcaataaac agtaaacacg atggtaataa tggtaaaaaa aaaaaacaag cagttatttc 5160
ggatatatgt cggctactce ttgcgteggg cccgaagtcet tagagccaga tatgcgagca 5220
cceggaaget cacgatgaga atggccagac ccacgtagte cageggcaga tceggeggcegg 5280
agaagttaag cgtctccagg atgaccttgce ccgaactggg gcacgtggtg ttcgacgatg 5340
tgcagctaat ttcgcccgge tcecacgtceccg cccattggtt aatcagcaga ccctegttgg 5400
cgtaacggaa ccatgagagg tacgacaacc atttgaggta tactggcacc gagcccgagt 5460
tcaagaagaa gccgccaaag agcaggaatg gtatgataac cggcggaccce acagacagcg 5520
ccatcgaggt cgaggagctg gcgcaggata ttagatatcc gaaggacgtt gacacattgg 5580
ccaccagagt gaccagcgcece aggcagttga agaagtgcag cactccggece cgcagtccga 5640
tcatcggata ggcaatcgcc gtgaagacca gtggcactgt gagaaaaagc ggcaattcgg 5700
caatcgtttt gcccagaaag tatgtgtcac agcgataaag tcgacttcgg gectccectca 5760
taaaaactgg cagctctgag gtgaacacct aaatcgaatc gattcattag aaagttagta 5820
aattattgaa atgcaaatgt attctaaaca tgacttacat ttatcgtggc aaagacgttt 5880
tgaaaggtca tgttggtcag gaagaggaag atggctccegt tgatattcat cacacccact 5940
tgcgtgagtt gttggcccaa aaagatgagg ccaatcaaga tggcaaccat ctgcaaatta 6000
aaatgttact cgcatctcat taatattcgc gagttaaatg aaatttattt atcttctgca 6060
aaactataaa ctatacatct cattgaaaaa aactaagaag ggtgtggaat caggcaattc 6120
tatctaaaat ctagcgaatt tgtttccaag aattgtaagc gttatatcat ttgtttccac 6180
tggaaccact caccgttgtc tgaataagtc gcacttttac gaggagtggt tceccttgagca 6240
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ccgacagceca ggatcgecac aggaccgecce ggaactgcat gaaccaggtyg gcecttgtagg 6300
tgtacccatt ctccggctge tcecagtggcet tcteccagatt tttggtggece aacaactget 6360
ccatatccecg ggctactttg ctaatggcaa aattgtcgecce atatcttggce gatccgatca 6420
cgggactcga tctecegtee gggcacaacg gecaacacct gtacgtaaaa gtccgecgga 6480
ttgtagttgg taggacactg ggcacccacg ctggatagga gttgagatgt aatgtaatgc 6540
tagataccct taataaacac atcgaactca ctaggaaaag aagtcgacgg cttcecgcetggg 6600
agtgcccaag aaagctaccce tgccctegge catcagaagg atcttgtcaa agagctcaaa 6660
cagctcggaa gacggctgat gaatggtcag gatgacggtc ttgcccttet gcegacagett 6720
cttcagcacc tggacgacgc tgtgggcggt aaatgagtcc agtccggagg tgggctcatce 6780
gcagatcaga agcggcggat cggttagtgce ctcggaggceg aatgccagac gcttecttte 6840
tcegecggac agacctttceca cectgecggg cacaccgatg atcgtgtget gacatttget 6900
gagcgaaagc tcctggatca cctgatccac gecgggccact cgctgccgat aggtcagatg 6960
tcgtggcate cgcaccatgg cttggaaaat caggtgttcce ctggccgtta gggagccgat 7020
aaagaggtca tcctgctgga cataggcgca cctggcctge atctecttgg cgtccacagg 7080
ttggccattg agcagtcgca tcccggatgg cgatacttgg atgccctgeg gegatcgaaa 7140
ggcaagggca ttcagcaggg tcgtctttcee ggcaccggaa ctgcccatca cggccaaaag 7200
ttcgececegga taggccacgce cgcaaactga gtttcaaatt ggtaattgga ccctttatta 7260
agatttcaca cagatcagcc gactgcgaat agaaactcac cgttcttgag caaatgtttce 7320
ctgggcgecg gtatgtgteg ctegttgcag aatagtceccege gtgtceggtt gaccagectgce 7380
cgccatecgg agccecggetyg attgaccgce ccaaagatgt ccatattgtg ccaggcatag 7440
gtgaggttct cggctagttg gcegctceecct gaaccggagt ccteccggegg actgggtgge 7500
aggagcgtgce cgtagttttt ggcctgecccg aagecctggt taatgcaget ctgcgaagceg 7560
tcegetgtca cecctgcaatg ataggggatce tcaaatatca actacaagceg ttatgctcat 7620
ctaaccccga acaaaacgaa dgtatcctacg aagtaggttt atacttttat ttattttttg 7680
tgcatagctt aaaatatctg gttgttatat tttttgtaaa aaagaatgta gtcgaaaatg 7740
aatgccttta gatgtcttga tcatgatatg atcttaaaaa ttgtcttata tagcgagcac 7800
agctaccaga ataatctgtt tcgtgtcact atttgtttgt gcgattgcgg tttgggattt 7860
ttgtgggtcg cagttctcac gecgcagaca atttgatgtt gcaatcgcag ttcecctataga 7920
tcaagtgaac ttaagatgta tgcacatgta ctactcacat tgttcagatg ctcggcagat 7980
gggtgtttge tgcctcecgceg aattaatage tcecctgatcet cttggceccat tgccgggatt 8040
tttcacactt tcccectgett acccacccaa aaccaatcac caccccaatce actcaaaaaa 8100
caaacaaaaa taagaagcga gaggagtttt ggcacagcac tttgtgttta attgatggcg 8160
taaaccgctt ggagcttegt cacgaaaccg ctgacaaagt gcaactgaag gcggacattg 8220
acgctaggta acgctacaaa cggtggcgaa agagatageg gacgcagcegyg cgaaagagac 8280
ggcgatattt ctgtggacag agaaggaggc aaacagcgct gactttgagt ggaatgtcat 8340
tttgagtgag aggtaatcga aagaacctgg tacatcaaat acccttggat cgaagtaaat 8400
ttaaaactga tcagataagt tcaatgatat ccagtgcagt aaaaaaaaaa aatgtttttt 8460
ttatctactt tccgcaaaaa tgggttttat taacttacat acatactaga attctaaaaa 8520
aaatcatgaa tggcatcaac tctgaatcaa atctttgcag atgcacctac ttctcattte 8580
cactgtcaca tcatttttcc agatctcgct gcctgttatg tggcccacaa accaagacac 8640
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gttttatggc cattaaagct ggctgatcgt cgccaaacac caaatacata tcaatatgta 8700
cattcgagaa agaagcgatc aaagaagcegt cttegggega gtaggagaat gcggaggaga 8760
aggagaacga gctgatctag tatctctcca caatccaatg ccaactgacc aactggccat 8820
attcggagca atttgaagcc aatttccatce gcectggcegat cgctceccatte ttggctatat 8880
gtttttcacc gttcececgggg ccattttcaa agactcgteg gtaagataag attgtgtcac 8940
tcgectgtete tettcatttyg tcecgaagaatg ctgaggaatt tcgcgatgac gteggcgagt 9000
attttgaaga atgagaataa tttgtattta tacgaaaatc agttagtgga attttctaca 9060
aaaacatgtt atctatagat aattttgttg caaaatatgt tgactatgac aaagattgta 9120
tgtatatacc tttaatgtat tctcattttc ttatgtattt ataatggcaa tgatgatact 9180
gatgatattt taagatgatg ccagaccaca ggctgatttc tgcgtcectttt gccgaacgca 9240
gtgcatgtge ggttgttgtt ttttggaata gtttcaattt tcggactgtc cgctttgatt 9300
tcagtttctt ggcttattca aaaagcaaag taaagccaaa aaagcgagat ggcaatacca 9360
aatgcggcaa aacggtagtg gaaggaaagg ggtgcgggge agcggaagga agggtgggge 9420
ggggcgtgge ggggtctgtg gctgggegeg acgtcaccga cgttggagec actcecctttga 9480
ccatgtgtgce gtgtgtgtat tattcgtgtce tcgccacteg ccggttgttt ttttettttt 9540
atctcgetet ctctagcgec atctcecgtacg catgctcaac gcaccgcatg ttgeccegtgte 9600
ctttatgcgt cattttggct cgaaataggc aattatttaa acaaagatta gtcaacgaaa 9660
acgctaaaat aaataagtct acaatatggt tacttattgc catgtgtgtg cagccaacga 9720
tagcaacaaa agcaacaaca cagtggcttt ccctctttca ctttttgttt gcaagcgegt 9780
gcgagcaaga cggcacgacce ggcaaacgca attacgctga caaagagcag acgaagtttt 9840
ggccgaaaaa catcaaggcg cctgatacga atgcatttgc aataacaatt gcgatattta 9900
atattgttta tgaagctgtt tgacttcaaa acacacaaaa aaaaaaataa aacaaattat 9960
ttgaaagaga attaggaatc ggacagctta tcgttacggg ctaacagcac accgagacga 10020
aatagcttac ctgacgtcac agcctcectgga agaactgccg ccaagcagac gatgcagagg 10080
acgacacata gagtagcgga gtaggccagc gtagtacgca tgtgcttgtg tgtgaggcegt 10140
ctectectette gtcectectgtt tgcgcaaacyg catagactge actgagaaaa tcgattacct 10200
attttttatg aatgaatatt tgcactatta ctattcaaaa ctattaagat agcaatcaca 10260
ttcaatagcc aaatactata ccacctgagc gatgcaacga aatgatcaat ttgagcaaaa 10320
atgctgcata tttaggacgg catcattata gaaatgcttc ttgctgtgta cttttetcte 10380
gtctggcage tgtttcgceccg ttattgttaa aaccggctta agttaggtgt gttttctacg 10440
actagtgatg cccctactag aagatgtgtg ttgcacaaat gtccctgaat aaccaatttg 10500
aagtgcagat agcagtaaac gtaagctaat atgaatatta tttaactgta atgttttaat 10560
atcgctggac attactaata aacccactat aaacacatgt acatatgtat gttttggcat 10620
acaatgagta gttggggaaa aaatgtgtaa aagcaccgtg accatcacag cataaagata 10680
accagctgaa gtatcgaata tgagtaaccc ccaaattgaa tcacatgccg caactgatag 10740
gacccatgga agtacactct tcatggcgat atacaagaca cacacaagca cgaacaccca 10800
gttgcggagyg aaattctccg taaatgaaaa cccaatcggce gaacaattca tacccatata 10860
tggtaaaagt tttgaacgcg acttgagagc ggagagcatt gcggctgata aggttttage 10920
gctaagcggg ctttataaaa cgggctgcgg gaccagtttt catatcacta ccgtttgagt 10980
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tcttgtgetyg tgtggatact cctcccgaca caaagccgct ccatcagcca gcagtegtet 11040
aatccagaga ccccggatct agaaccaaaa tggctagatt agataaaagt aaagtgatta 11100
acagcgcatt agagctgctt aatgaggtcg gaatcgaagg tttaacaacc cgtaaactcg 11160
cccagaagct aggtgtagag cagcctacat tgtattggca tgtaaaaaat aagcgggcett 11220
tgctcgacge cttagccatt gagatgttag ataggcacca tactcacttt tgccctttag 11280
aaggggaaag ctggcaagat tttttacgta ataacgctaa aagttttaga tgtgctttac 11340
taagtcatcg cgatggagca aaagtacatt taggtacacg gcctacagaa aaacagtatg 11400
aaactctcga aaatcaatta gectttttat gccaacaagg tttttcacta gagaatgcat 11460
tatatgcact cagcgctgtg gggcatttta ctttaggttg cgtattggaa gatcaagagce 11520
atcaagtcgce taaagaagaa agggaaacac ctactactga tagtatgccg ccattattac 11580
gacaagctat cgaattattt gatcaccaag gtgcagagcc agccttcectta tteggecttg 11640
aattgatcat atgcggatta gaaaaacaac ttaaatgtga aagtgggtcc gcgtacagcece 11700
gcgegegtac gaaaaacaat tacgggtcta ccatcgaggg cctgctcgat ctececcggacg 11760
acgacgcccce cgaagaggceg gggctggcegg ctececgcecgect gtectttete ceccgegggac 11820
acacgcgcag actgtcgacg geccccceccga ccgatgtcag cctgggggac gagctecact 11880
tagacggcga ggacgtggceg atggcgcatg ccgacgcgct agacgatttc gatctggaca 11940
tgttggggga cggggattcc ccgggtccgg gatttaccce ccacgactcecce geccectacg 12000
gcgetcectgga tatggccgac ttcegagtttg agcagatgtt taccgatgcec cttggaattg 12060
acgagtacgg tgggtagggg gcgcgag 12087
<210> SEQ ID NO 16
<211> LENGTH: 11920
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA513
<400> SEQUENCE: 16
gggccgatet gacaatgtte agtgcagaga ctcggctacg cctegtggac tttgaagttg 60
accaacaatg tttattctta cctctaatag tcectetgtgg caaggtcaag attctgttag 120
aagccaatga agaacctggt tgttcaataa cattttgtte gtctaatatt tcactaccge 180
ttgacgttgg ctgcacttca tgtacctcat ctataaacge ttcttetgta tcegetctgga 240
cgtcatctte acttacgtga tctgatattt cactgtcaga atcctcacca acaagctcegt 300
catcgetttyg cagaagagca gagaggatat gctcatcgte taaagaacta cccattttat 360
tatatattag tcacgatatc tataacaaga aaatatatat ataataagtt atcacgtaag 420
tagaacatga aataacaata taattatcgt atgagttaaa tcttaaaagt cacgtaaaag 480
ataatcatgc gtcattttga ctcacgeggt cgttatagtt caaaatcagt gacacttacce 540
gcattgacaa gcacgcctca cgggagctcece aagcggegac tgagatgtcc taaatgcaca 600
gcgacggatt cgegetattt agaaagagag agcaatattt caagaatgca tgcgtcaatt 660
ttacgcagac tatctttcta gggttaaaaa agatttgege tttactcgac ctaaacttta 720
aacacgtcat agaatcttcg tttgacaaaa accacattgt ggccaagetyg tgtgacgcga 780
cgegegetaa agaatggcaa accaagtcege gegagegteg acctgcagge atgcaagett 840
gcatgcctyge aggtcgaaat tcgtaatcat ggtcataget gtttcectgtg tgaaattgtt 900
atccgetcac aattccacac aacatacgag ccggaagcat aaagtgtaaa gcctggggtyg 960
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cctaatgagt gagctaactc acattaattg cgttgcgcectc actgcccget tteccagtegg 1020
gaaacctgtc gtgccagcectg cattaatgaa tcggccaacyg cgcggggaga ggceggtttge 1080
gtattgggcg ctettececget tectegetca ctgactcecget gegetceggte gtteggetge 1140
ggcgagcggt atcagctcac tcaaaggcgg taatacggtt atccacagaa tcaggggata 1200
acgcaggaaa gaacatgtga gcaaaaggcce agcaaaaggce caggaaccgt aaaaaggccg 1260
cgttgctgge gtttttceccat aggctccgce ccectgacga gcatcacaaa aatcgacgcet 1320
caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggcgttt cccectggaa 1380
gctecectegt gegetectect gttecgacce tgccgecttac cggatacctg tceecgecttte 1440
tcectteggg aagcegtggeg ctttcetcaat gctcacgetg taggtatcte agttceggtgt 1500
aggtcgtteg ctccaagetg ggctgtgtge acgaacccecce cgttcagcece gaccgcetgeg 1560
ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta tegccactgg 1620
cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct acagagttct 1680
tgaagtggtg gcctaactac ggctacacta gaaggacagt atttggtatc tgcgctcectgce 1740
tgaagccagt taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg 1800
ctggtagcgg tggttttttt gtttgcaagce agcagattac gcgcagaaaa aaaggatctce 1860
aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt 1920
aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac ctagatcctt ttaaattaaa 1980
aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac agttaccaat 2040
gcttaatcag tgaggcacct atctcagcga tcectgtcectatt tegttcatcce atagttgect 2100
gactcccegt cgtgtagata actacgatac gggagggctt accatctggce cccagtgetg 2160
caatgatacc gcgagaccca cgctcaccgg ctecagattt atcagcaata aaccagccag 2220
ccggaagggce cgagcgcaga agtggtcecctg caactttatce cgcectceccatce cagtctatta 2280
attgttgcecg ggaagctaga gtaagtagtt cgccagttaa tagtttgcge aacgttgttg 2340
ccattgctac aggcatcgtg gtgtcacgct cgtegtttgg tatggcttca ttcagctecg 2400
gttcccaacyg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa gcggttaget 2460
cctteggtece teccgatcgtt gtcagaagta agttggecge agtgttatca ctcatggtta 2520
tggcagcact gcataattct cttactgtca tgccatcegt aagatgcttt tetgtgactg 2580
gtgagtactc aaccaagtca ttctgagaat agtgtatgcg gcgaccgagt tgctcttgece 2640
cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg ctcatcattg 2700
gaaaacgttc ttcggggcga aaactctcaa ggatcttacc getgttgaga tccagttcega 2760
tgtaacccac tcgtgcaccce aactgatctt cagcatcttt tactttcacc agecgtttcetg 2820
ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg aataagggcg acacggaaat 2880
gttgaatact catactcttc ctttttcaat attattgaag catttatcag ggttattgtce 2940
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcgca 3000
catttcccecg aaaagtgcca cctgacgtct aagaaaccat tattatcatg acattaacct 3060
ataaaaatag gcgtatcacg aggcccttte gtectegegeg ttteggtgat gacggtgaaa 3120
acctctgaca catgcagcte ccggagacgg tcacagettg tcectgtaageg gatgceccggga 3180
gcagacaagc ccgtcagggce gcgtcagegg gtgttggcegg gtgtcecggggce tggcttaact 3240
atgcggcatc agagcagatt gtactgagag tgcaccatat gcggtgtgaa ataccgcaca 3300
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gatgcgtaag gagaaaatac cgcatcaggc gccattcgec attcaggcectg cgcaactgtt 3360
gggaagggcg atcggtgcgg gcectcettege tattacgcca getggcgaaa gggggatgtyg 3420
ctgcaaggcg attaagttgg gtaacgccag ggttttecca gtcacgacgt tgtaaaacga 3480
cggccagtge caagctttgt ttaaaatata acaaaattgt gatcccacaa aatgaagtgg 3540
ggcaaaatca aataattaat agtgtccgta aacttgttgg tcecttcaactt tttgaggaac 3600
acgttggacg gcaaatccgt gactataaca caagttgatt taataatttt agccaacacg 3660
tcgggetgeg tgttttttge cgacgcegtct gtgtacacgt tgattaactg gtcgattaaa 3720
ctgttgaaat aatttaattt ttggttcttc tttaaatctg tgatgaaatt ttttaaaata 3780
actttaaatt cttcattggt aaaaaatgcc acgttttgca acttgtgagg gtctaatatg 3840
aggtcaaact cagtaggagt tttatccaaa aaagaaaaca tgattacgtc tgtacacgaa 3900
cgcgtattaa cgcagagtgc aaagtataag agggttaaaa aatatatttt acgcaccata 3960
tacgcatcgg gttgatatcg ttaatatgga tcaatttgaa cagttgatta acgtgtctct 4020
gctcaagtet ttgatcaaaa cgcaaatcga cgaaaatgtg tcggacaata tcaagtcgat 4080
gagcgaaaaa ctaaaaaggc tagaatacga caatctcaca gacagcegttg agatatacgg 4140
tattcacgac agcaggctga ataataaaaa aattagaaac tattatttaa ccctagaaag 4200
ataatcatat tgtgacgtac gttaaagata atcatgcgta aaattgacgc atgtgtttta 4260
tcggtetgta tatcgaggtt tatttattaa tttgaataga tattaagttt tattatattt 4320
acacttacat actaataata aattcaacaa acaatttatt tatgtttatt tatttattaa 4380
aaaaaaacaa aaactcaaaa tttcttctat aaagtaacaa aacttttaaa cattctctct 4440
tttacaaaaa taaacttatt ttgtacttta aaaacagtca tgttgtatta taaaataagt 4500
aattagctta acttatacat aatagaaaca aattatactt attagtcagt cagaaacaac 4560
tttggcacat atcaatatta tgctctcgac aaataacttt tttgcatttt ttgcacgatg 4620
catttgecctt tcgcecttatt ttagaggggce agtaagtaca gtaagtacgt tttttcatta 4680
ctggctette agtactgtca tcectgatgtac caggcacttc atttggcaaa atattagaga 4740
tattatcgcg caaatatctce ttcaaagtag gagcttctaa acgcttacgce ataaacgatg 4800
acgtcaggct catgtaaagg tttctcataa attttttgeg actttggacce ttttctecect 4860
tgctactgac attatggctg tatataataa aagaatttat gcaggcaatg tttatcattc 4920
cgtacaataa tgccataggc cacctattcg tcttectact gecaggtcatce acagaacaca 4980
tttggtctag cgtgtccact ccgcctttag tttgattata atacataacc atttgceggtt 5040
taccggtact ttcgttgata gaagcatcct catcacaaga tgataataag tataccatct 5100
tagctggett cggtttatat gagacgagag taaggggtcc gtcaaaacaa aacatcgatg 5160
ttcccactgg cctggagega ctgtttttca gtactteegg tatctegegt ttgtttgatce 5220
gcacggttec cacaatggtt gcggccggcece agatttaaat gagcggccgce agatatccag 5280
tgcagtaaaa aaaaaaaatg ttttttttat ctactttccg caaaaatggg ttttattaac 5340
ttacatacat actagaattc tatattctaa aaacacaaat gatacttcta aaaaaaatca 5400
tgaatggcat caactctgaa tcaaatcttt gcagatgcac ctacttctca tttccactgt 5460
cacatcattt ttccagatct cgctgcctgt tatgtggccce acaaaccaag acacgtttta 5520
tggccattaa agctggctga tcegtcgccaa acaccaaata catatcaata tgtacattcg 5580
agaaagaagc gatcaaagaa gcgtcttegg gegagtagga gaatgcggayg gagaaggaga 5640
acgagctgat ctagtatctc tccacaatcce aatgccaact gaccaactgg ccatattegg 5700
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agcaatttga agccaatttc catcgcectgg cgatcgetcecce attcttgget atatgttttt 5760
caccgttecece ggggccattt tcaaagactc gtcggtaaga taagattgtg tcactcecgetg 5820
tctectetteca tttgtcgaag aatgctgagg aatttcgega tgacgtcgge gagtattttg 5880
aagaatgaga ataatttgta tttatacgaa aatcagttag tggaattttc tacaaaaaca 5940
tgttatctat agataatttt gttgcaaaat atgttgacta tgacaaagat tgtatgtata 6000
tacctttaat gtattctcat tttcttatgt atttataatg gcaatgatga tactgatgat 6060
attttaagat gatgccagac cacaggctga tttcectgegtce ttttgccgaa cgcagtgcat 6120
gtgcggttgt tgttttttgg aatagtttca attttcggac tgteccgettt gatttcagtt 6180
tcttggetta ttcaaaaagc aaagtaaagc caaaaaagcg agatggcaat accaaatgeg 6240
gcaaaacggt agtggaagga aaggggtgcg gggcagcgga aggaagggtg gggcggggcyg 6300
tggcggggtce tgtggctggg cgcgacgtca ccgacgttgg agccactcect ttgaccatgt 6360
gtgcgtgtgt gtattattcg tgtctcgeca ctcecgeceggtt gtttttttet ttttatcecteg 6420
ctctectetag cgccatcteg tacgcatgct caacgcaccg catgttgccg tgtectttat 6480
gcgtecatttt ggctcgaaat aggcaattat ttaaacaaag attagtcaac gaaaacgcta 6540
aaataaataa gtctacaata tggttactta ttgccatgtg tgtgcagcca acgatagcaa 6600
caaaagcaac aacacagtgg ctttcecctcet ttcacttttt gtttgcaage gegtgcgagce 6660
aagacggcac gaccggcaaa cgcaattacg ctgacaaaga gcagacgaag ttttggccga 6720
aaaacatcaa ggcgcctgat acgaatgcat ttgcaataac aattgcgata tttaatattg 6780
tttatgaagc tgtttgactt caaaacacac aaaaaaaaaa ataaaacaaa ttatttgaaa 6840
gagaattagg aatcggacag cttatcgtta cgggctaaca gcacaccgag acgaaatagce 6900
ttacctgacg tcacagectce tggaagaact gecgccaage agacgatgca gaggacgaca 6960
catagagtag cggagtaggc cagcgtagta cgcatgtgct tgtgtgtgag gegtctcetcet 7020
cttcgtetee tgtttgcgca aacgcataga ctgcactgag aaaatcgatt acctattttt 7080
tatgaatgaa tatttgcact attactattc aaaactatta agatagcaat cacattcaat 7140
agccaaatac tataccacct gagcgatgca acgaaatgat caatttgagc aaaaatgctg 7200
catatttagg acggcatcat tatagaaatg cttcttgcectg tgtactttte tetegtetgg 7260
cagctgtttce geccgttattyg ttaaaaccgg cttaagttag gtgtgtttte tacgactagt 7320
gatgccccta ctagaagatg tgtgttgcac aaatgtccct gaataaccaa tttgaagtge 7380
agatagcagt aaacgtaagc taatatgaat attatttaac tgtaatgttt taatatcgcet 7440
ggacattact aataaaccca ctataaacac atgtacatat gtatgttttg gcatacaatg 7500
agtagttggg gaaaaaatgt gtaaaagcac cgtgaccatc acagcataaa gataaccagc 7560
tgaagtatcg aatatgagta acccccaaat tgaatcacat gccgcaactg ataggaccca 7620
tggaagtaca ctcttcatgg cgatatacaa gacacacaca agcacgaaca cccagttgceg 7680
gaggaaattc tccgtaaatg aaaacccaat cggcgaacaa ttcataccca tatatggtaa 7740
aagttttgaa cgcgacttga gagcggagag cattgcggct gataaggttt tagcgctaag 7800
cgggctttat aaaacgggct gcgggaccag ttttcatatc actaccgttt gagttcecttgt 7860
gctgtgtgga tactcctcce gacacaaagce cgctccatca gcecagcagtce gtctaatceca 7920
gagacccegyg atctagaacc aaaatggcta gaatggecte ctecgagaac gtcatcaccg 7980
agttcatgcg cttcaaggtg cgcatggagg gcaccgtgaa cggccacgag ttcgagatcg 8040
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agggcgaggg cgagggcecge ccctacgagg gecacaacac cgtgaagetyg aaggtgacca 8100
agggcggcecce cctgeccctte gectgggaca tcectgtecce ccagttceccag tacggctceca 8160
aggtgtacgt gaagcacccc gccgacatcce cegactacaa gaagetgtece ttceecccgagg 8220
gcttcaagtyg ggagcegegtyg atgaacttceg aggacggegg cgtggegacce gtgacccagyg 8280
actccteect gecaggacgge tgcttcatct acaaggtgaa gttcatcgge gtgaacttcece 8340
cctecgacgg cccegtgatg cagaagaaga ccatgggetyg ggaggectece accgagegece 8400
tgtacccceg cgacggegtyg ctgaagggeg agacccacaa ggccctgaag ctgaaggacg 8460
gcggcecacta cctggtggag ttcaagtcca tctacatgge caagaagccc gtgcagetge 8520
ccggetacta ctacgtggac gccaagetgg acatcaccte ccacaacgag gactacacca 8580
tcgtggagca gtacgagcege accgagggcce gccaccacct gttcectgtga gatccatgag 8640
caattagcat gaacgttctg aaaagcgcgt ttagctctcecce actacttaca catattctat 8700
gctgcaatat tgaaaatcta ataaacaaaa ctaatgtaca ttaattcttc agttttgaat 8760
atccttetee tgactttett atttagaatt aatataatac tgcatacatt aatactgtaa 8820
atatgataag tacctgcaaa acactgcagc tcaagtctta atgaggttct gcgatagett 8880
agcataatta gtaacttatc gcgcagaatt ccctaatgtt cccgacctac atgtacttcet 8940
gatagttgcc gaggtcaaat gttgttgtat ttgtattata cctcaatatt ggtatattca 9000
atatctaata gtacccaatt caattgcaaa gatagtcatt aaaaaaacct aaatcacttg 9060
caaattgact tttctgccgg aaaagcaacc ttgacacaca aagttaatta gtttatctgg 9120
aagtcatgtg agaaatttgt aaataaaatt tttcgcagta atttaagtgg gcctaatccce 9180
ttttaagcat cttggtttta cgatgacacc gcaataaggt acaactttat attgtttttg 9240
caatcagctt gagtctttat taggcatcag tctttctetce taagtttctt cgtgcaataa 9300
atgaggttcc aaactccgta gatttttcecct tctttgttga atccagatcce tgcaaagaaa 9360
aaagagcaaa cccctaggtce tgtccaggaa tgtatttteg tgtttgtcga tcgaccatgg 9420
tctecgagggg gggccttaat taagaggcgce gccaggtttce gactttcact tttctcectatce 9480
actgataggg agtggtaaac tcgactttca cttttctcecta tcactgatag ggagtggtaa 9540
actcgacttt cacttttcte tatcactgat agggagtggt aaactcgact ttcacttttce 9600
tctatcactg atagggagtyg gtaaactcga ctttcacttt tctctatcac tgatagggag 9660
tggtaaactc gactttcact tttctctatc actgataggg agtggtaaac tcgactttca 9720
cttttctecta tcactgatag ggagtggtaa actcgaaaac gagcgccgga gtataaatag 9780
aggcgctteg tctacggage gacaattcaa ttcaaacaag caaagtgaac acgtcgctaa 9840
gcgaaagcta agcaaataaa caagcgcagce tgaacaagcet aaacaatctg cggtaccctg 9900
gcggtaagtt gatcaaagga aacgcaaagt tttcaagaaa aaacaaaact aatttgattt 9960
ataacacctt tagaaaccac catgggcagc cgcctggata agtccaaagt catcaactcce 10020
gcgttggage tgttgaacga agttggcatt gagggactga cgacccgcaa gttggcgcag 10080
aagctgggcg tggagcagcc caccctcectac tggcacgtga agaataagcg ggcgcetgctg 10140
gatgccctgg ccatcgagat gctcgaccge caccacacgce atttttgecce gttggaagge 10200
gagtcctgge aggacttcct ccgcaataac geccaagtcecgt tcecgectgege tcectgetgtee 10260
caccgagacg gtgccaaagt ccatctecgge acgcgcccga ccgaaaagca atacgagaca 10320
ctggagaacc agctcgcegtt cctgtgccag caaggcttca gcecctggaaaa tgctctctac 10380
gctetgageg ccegteggtca ctttaccectg ggctgegtge tggaggacca agagcatcaa 10440
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gtcgcaaaag aggagcgcga gaccccaaca accgattcga tgcccccact gctgegtcag 10500
gcaatcgagce tgttcgatca tcaaggagcc gagccggcat tcectgttegg cttggagetg 10560
attatctgcg gattggaaaa gcaactgaaa tgcgagtcgg gctcegggcce cgcgtacage 10620
cgcgcegegta cgaaaaacaa ttacgggtcet accatcgagg gcectgcectcega tectcecececggac 10680
gacgacgccec ccgaagaggce ggggctggeg gcectcecgegec tgtectttet ccecegeggga 10740
cacacgcgca gactgtcgac ggccccecccceg accgatgtca gecctggggga cgagctccac 10800
ttagacggcg aggacgtggce gatggcgcat gccgacgcege tagacgattt cgatctggac 10860
atgttggggg acggggattc cccgggtceccecg ggatttacce cccacgactce cgccecectac 10920
ggcgctcectgg atatggccga cttcegagttt gagcagatgt ttaccgatgce ccttggaatt 10980
gacgagtacg gtgggtagtt ctagagtcga cctcgaacgt taacgttaac gtaacgttaa 11040
ctcgaggagce ttgataacat tatacctaaa cccatggtca agagtaaaca tttctgectt 11100
tgaagttgag aacacaatta agcatcccct ggttaaacct gacattcata cttgttaata 11160
gcgccataaa catagcacca atttcgaaga aatcagttaa aagcaattag caattagcaa 11220
ttagcaataa ctctgctgac ttcaaaacga gaagagttgc aagtatttgt aaggcacagt 11280
ttatagacca ccgacggctc attagggctc gtcatgtaac taagcgcggt gaaacccaat 11340
tgaacatata gtggaattat tattatcaat ggggaagatt taaccctcag gtagcaaagt 11400
aatttaattg caaatagaga gtcctaagac taaataatat atttaaaaat ctggcccttt 11460
gaccttgett gtcaggtgca tttgggttca atcgtaagtt gcttctatat aaacactttce 11520
cccatceceg caataatgaa gaataccgca gaataaagag agatttgcaa caaaaaataa 11580
aggcattgcg aaaacttttt atgggggatc attacactcg ggcctacggt tacaattccce 11640
agccacttaa gcgacaagtt tggccaacaa tccatctaat agctaatage gcaatcactg 11700
gtaatcgcaa gagtatatag gcaatagaac ccatggattt gaccaaaggt aaccgagaca 11760
atggagaagc aagaggattt caaactgaac acccacagta ctgtgtacta ccactggcge 11820
gtttgggagc tccaagcgge gactgagatg tcctaaatgce acagcgacgg attcegecgcta 11880
tttagaaaga gagagcaata tttcaagaaa aacggcgccce 11920
<210> SEQ ID NO 17
<211> LENGTH: 11570
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA517
<400> SEQUENCE: 17
ggcegetcat ttaaatctgg ccggecgcaa ccattgtggg aaccgtgega tcaaacaaac 60
gcgagatacce ggaagtactg aaaaacagtc gctccaggece agtgggaaca tcgatgtttt 120
gttttgacgyg accccttact ctcegtctcat ataaaccgaa gccagctaag atggtatact 180
tattatcatc ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg 240
ttatgtatta taatcaaact aaaggcggag tggacacgct agaccaaatyg tgttctgtga 300
tgacctgcag taggaagacg aataggtggce ctatggcatt attgtacgga atgataaaca 360
ttgcctgcat aaattctttt attatataca gecataatgt cagtagcaag ggagaaaagg 420
tccaaagteg caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatge 480
gtaagcgttt agaagctcct actttgaaga gatatttgceg cgataatatc tctaatattt 540
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tgccaaatga agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac 600
gtacttactyg tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa 660
aatgcaaaaa agttatttgt cgagagcata atattgatat gtgccaaagt tgtttctgac 720
tgactaataa gtataatttg tttctattat gtataagtta agctaattac ttattttata 780
atacaacatg actgttttta aagtacaaaa taagtttatt tttgtaaaag agagaatgtt 840
taaaagtttt gttactttat agaagaaatt ttgagttttt gttttttttt aataaataaa 900
taaacataaa taaattgttt gttgaattta ttattagtat gtaagtgtaa atataataaa 960
acttaatatc tattcaaatt aataaataaa cctcgatata cagaccgata aaacacatgc 1020
gtcaatttta cgcatgatta tctttaacgt acgtcacaat atgattatct ttctagggtt 1080
aaataatagt ttctaatttt tttattattc agcctgctgt cgtgaatacc gtatatctca 1140
acgctgtetg tgagattgtce gtattctage ctttttagtt tttcecgcectcat cgacttgata 1200
ttgtccgaca cattttcecgte gatttgegtt ttgatcaaag acttgagcag agacacgtta 1260
atcaactgtt caaattgatc catattaacg atatcaaccc gatgcgtata tggtgcgtaa 1320
aatatatttt ttaaccctct tatactttgce actctgegtt aatacgcgtt cgtgtacaga 1380
cgtaatcatg ttttcttttt tggataaaac tcctactgag tttgacctca tattagaccce 1440
tcacaagttg caaaacgtgg cattttttac caatgaagaa tttaaagtta ttttaaaaaa 1500
tttcatcaca gatttaaaga agaaccaaaa attaaattat ttcaacagtt taatcgacca 1560
gttaatcaac gtgtacacag acgcgtcggce aaaaaacacg cagcccgacg tgttggctaa 1620
aattattaaa tcaacttgtg ttatagtcac ggatttgccg tccaacgtgt tectcaaaaa 1680
gttgaagacc aacaagttta cggacactat taattatttg attttgcccc acttcatttt 1740
gtgggatcac aattttgtta tattttaaac aaagcttggc actggccgtc gttttacaac 1800
gtcgtgactyg ggaaaaccct ggegttaccce aacttaatcg ccttgcagca catcccectt 1860
tcgecagetyg gegtaatage gaagaggecce geaccgateg cectteccaa cagttgegea 1920
gcctgaatgg cgaatggcge ctgatgeggt attttectcecet tacgcatctg tgcggtattt 1980
cacaccgcat atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 2040
ccegacaccee gccaacacce getgacgege cctgacggge ttgtetgete cceggeatccg 2100
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 2160
caccgaaacg cgcgagacga aagggcctcg tgatacgect atttttatag gttaatgtca 2220
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 2280
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 2340
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 2400
ccettattee cttttttgeg gecattttgcee ttectgtttt tgctcaccca gaaacgctgg 2460
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 2520
tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 2580
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 2640
tcggtegecg catacactat tcectcagaatg acttggttga gtactcacca gtcacagaaa 2700
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 2760
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 2820
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 2880
aagccatacce aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttge 2940
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gcaaactatt aactggcgaa ctacttactc tagcttcceg gcaacaatta atagactgga 3000
tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget ggctggttta 3060
ttgctgataa atctggagcc ggtgagcegtg ggtcectcecgegg tatcattgca gcactggggce 3120
cagatggtaa gccctccecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 3180
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 3240
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 3300
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 3360
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 3420
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 3480
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 3540
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 3600
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 3660
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 3720
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 3780
gatacctaca gcgtgagcat tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 3840
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 3900
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 3960
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 4020
ggttecctgge cttttgectgg ccttttgete acatgttctt tectgcegtta tcecectgatt 4080
ctgtggataa ccgtattacc gectttgagt gagctgatac cgctcgceccge agccgaacga 4140
ccgagegeag cgagtcagtg agcgaggaag cggaagageg cccaatacge aaaccgecte 4200
tcecegegeg ttggecgatt cattaatgca gctggcacga caggtttcce gactggaaag 4260
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett 4320
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 4380
caggaaacag ctatgaccat gattacgaat ttcgacctgc aggcatgcaa gcttgcatgce 4440
ctgcaggtcg acgctcgege gacttggttt gccattcettt agcecgecgegte gegtcacaca 4500
gcttggeccac aatgtggttt ttgtcaaacg aagattctat gacgtgttta aagtttaggt 4560
cgagtaaagc gcaaatcttt tttaacccta gaaagatagt ctgcgtaaaa ttgacgcatg 4620
cattcttgaa atattgctct ctctttctaa atagcgcgaa teccgtegctg tgcatttagg 4680
acatctcagt cgccgcttgg agectceccecegtg aggcegtgcett gtcaatgcgg taagtgtcac 4740
tgattttgaa ctataacgac cgcgtgagtc aaaatgacgc atgattatct tttacgtgac 4800
ttttaagatt taactcatac gataattata ttgttatttc atgttctact tacgtgataa 4860
cttattatat atatattttc ttgttataga tatcgtgact aatatataat aaaatgggta 4920
gttctttaga cgatgagcat atcctctetg ctcettectgca aagcgatgac gagettgttyg 4980
gtgaggattc tgacagtgaa atatcagatc acgtaagtga agatgacgtc cagagcgata 5040
cagaagaagc gtttatagat gaggtacatg aagtgcagcc aacgtcaagc ggtagtgaaa 5100
tattagacga acaaaatgtt attgaacaac caggttcttc attggcttct aacagaatct 5160
tgaccttgcce acagaggact attagaggta agaataaaca ttgttggtca acttcaaagt 5220
ccacgaggcg tagccgagte tcectgcactga acattgtcag atcggcccgg gegecgttte 5280
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ccaaacgcgce cagtggtagt acacagtact gtgggtgttc agtttgaaat cctettgett 5340
ctccattgte tecggttacct ttggtcaaat ccatgggttc tattgcecctat atactcttgce 5400
gattaccagt gattgcgcta ttagctatta gatggattgt tggccaaact tgtcgcttaa 5460
gtggctggga attgtaaccg taggcccgag tgtaatgatc ccccataaaa agttttegea 5520
atgcctttat tttttgttge aaatctctct ttattctgeg gtattcttceca ttattgeggg 5580
gatggggaaa gtgtttatat agaagcaact tacgattgaa cccaaatgca cctgacaagce 5640
aaggtcaaag ggccagattt ttaaatatat tatttagtct taggactctce tatttgcaat 5700
taaattactt tgctacctga gggttaaatc ttccccattg ataataataa ttccactata 5760
tgttcaattg ggtttcaccyg cgcttagtta catgacgagc cctaatgagce cgtcggtggt 5820
ctataaactg tgccttacaa atacttgcaa ctcecttctegt tttgaagtca gcagagttat 5880
tgctaattgc taattgctaa ttgcttttaa ctgatttcett cgaaattggt gctatgttta 5940
tggcgctatt aacaagtatg aatgtcaggt ttaaccaggg gatgcttaat tgtgttctca 6000
acttcaaagg cagaaatgtt tactcttgac catgggttta ggtataatgt tatcaagctc 6060
ctcgagttaa cgttacgtta acgttaacgt tcgaggtcga ctctagatta ttacagcatg 6120
tcgagatcaa agtcgtccaa agcatcagcg ggcaacatat ccaagtcaaa atcatcgaga 6180
gegtecegeeyg gecagcatate caggtcgaag tcatccaggg catcggeggg geccgagece 6240
gactcgcatt tcagttgctt ttccaatccg cagataatca gctccaagcecc gaacaggaat 6300
gcecggcetegyg ctecttgatg atcgaacage tcgattgceet gacgcagcag tgggggcatce 6360
gaatcggttg ttggggtcte gcgcectectet tttgcgactt gatgctecttg gtectcecage 6420
acgcagccca gggtaaagtg accgacggeg ctcagagegt agagagcatt ttccaggcetg 6480
aagccttget ggcacaggaa cgcgagctgg ttectceccagtg tcectcegtattg ctttteggte 6540
gggegegtyge cgagatggac tttggcaccg tcecteggtggg acagcagagce gcagcggaac 6600
gacttggegt tattgcggag gaagtcctge caggactcge cttccaacgg gcaaaaatgce 6660
gtgtggtggc ggtcgagcat ctcgatggcce agggcatcca gcagcgcccg cttattette 6720
acgtgccagt agagggtggg ctgctccacg cccagcttet gegccaactt gegggtegte 6780
agtccctcaa tgccaacttce gttcaacagce tccaacgegg agttgatgac tttggactta 6840
tccaggegge tgcccatggt ggtttctaaa ggtgttataa atcaaattag ttttgttttt 6900
tcttgaaaac tttgcgttte ctttgatcaa cttaccgcca gggtaccgca gattgtttag 6960
cttgttcage tgcgcttgtt tatttgctta gctttecgett agcgacgtgt tcactttget 7020
tgtttgaatt gaattgtcgce tccgtagacg aagcgcctcet atttatacte cggecgctegt 7080
tttcgagttt accactcecct atcagtgata gagaaaagtg aaagtcgagt ttaccactcc 7140
ctatcagtga tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa 7200
agtgaaagtc gagtttacca ctccctatca gtgatagaga aaagtgaaag tcgagtttac 7260
cactccctat cagtgataga gaaaagtgaa agtcgagttt accactccct atcagtgata 7320
gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga tagagaaaag tgaaagtcga 7380
aacctggcgce gectcecttaat taaggcccce cctecgagacce atggtcgatce gacaaacacg 7440
aaaatacatt cctggacaga cctaggggtt tgctcttttt tectttgcagg atctggattce 7500
aacaaagaag gaaaaatcta cggagtttgg aacctcattt attgcacgaa gaaacttaga 7560
gagaaagact gatgcctaat aaagactcaa gctgattgca aaaacaatat aaagttgtac 7620
cttattgcgg tgtcatcgta aaaccaagat gcttaaaagg gattaggccc acttaaatta 7680
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ctgcgaaaaa ttttatttac aaatttctca catgacttcc agataaacta attaactttg 7740
tgtgtcaagg ttgcttttcc ggcagaaaag tcaatttgca agtgatttag gtttttttaa 7800
tgactatctt tgcaattgaa ttgggtacta ttagatattg aatataccaa tattgaggta 7860
taatacaaat acaacaacat ttgacctcgg caactatcag aagtacatgt aggtcgggaa 7920
cattagggaa ttctgcgcga taagttacta attatgctaa gctatcgcag aacctcatta 7980
agacttgagc tgcagtgttt tgcaggtact tatcatattt acagtattaa tgtatgcagt 8040
attatattaa ttctaaataa gaaagtcagg agaaggatat tcaaaactga agaattaatg 8100
tacattagtt ttgtttatta gattttcaat attgcagcat agaatatgtg taagtagtgg 8160
agagctaaac gcgcttttca gaacgttcat gctaattget catggatctce acaggaacag 8220
gtggtggegyg cccteggtge gctegtactg ctceccacgatg gtgtagtect cgttgtggga 8280
ggtgatgtcc agecttggcegt ccacgtagta gtagccggge agctgcacgg gcttettgge 8340
catgtagatg gacttgaact ccaccaggta gtggccgcecg tcecttcaget tcagggectt 8400
gtgggtcteg cceccttcagca cgecegtegeg ggggtacagg cgctcecggtgg aggectcecca 8460
gcccatggte ttettectgca tcacggggcece gtcggagggg aagttcacgce cgatgaactt 8520
caccttgtag atgaagcagc cgtcctgcag ggaggagtcce tgggtcacgg tcgccacgcece 8580
gccgtecteg aagttcatca cgegctcecca cttgaagcec tceggggaagg acagcttett 8640
gtagtcgggg atgtcggcgg ggtgcttcac gtacaccttyg gagccgtact ggaactgggyg 8700
ggacaggatg tcccaggcga agggcagggg gccgcccttyg gtcaccttca gcttcacggt 8760
gttgtggecee tcegtagggge ggccctegece ctcecgececteg atctcgaact cgtggeegtt 8820
cacggtgccce tccatgcgca ccttgaagcg catgaactcg gtgatgacgt tetcggagga 8880
ggccattcta gecattttgg ttctagatcce ggggtctcectg gattagacga ctgctggetg 8940
atggagcggce tttgtgtcgg gaggagtatc cacacagcac aagaactcaa acggtagtga 9000
tatgaaaact ggtcccgcag cccgttttat aaagccceget tagcgctaaa accttatcag 9060
ccgcaatget ctcecgcectete aagtcecgegtt caaaactttt accatatatg ggtatgaatt 9120
gttcgccgat tgggttttca tttacggaga atttcecctceeg caactgggtg ttegtgettyg 9180
tgtgtgtectt gtatatcgcc atgaagagtg tacttccatg ggtcctatca gttgcggcat 9240
gtgattcaat ttgggggtta ctcatattcg atacttcagc tggttatctt tatgctgtga 9300
tggtcacggt gcttttacac attttttcce caactactca ttgtatgcca aaacatacat 9360
atgtacatgt gtttatagtg ggtttattag taatgtccag cgatattaaa acattacagt 9420
taaataatat tcatattagc ttacgtttac tgctatctgc acttcaaatt ggttattcag 9480
ggacatttgt gcaacacaca tcttctagta ggggcatcac tagtcgtaga aaacacacct 9540
aacttaagcce ggttttaaca ataacggcga aacagctgec agacgagaga aaagtacaca 9600
gcaagaagca tttctataat gatgccgtcc taaatatgca gcatttttgc tcaaattgat 9660
catttcgttg catcgctcag gtggtatagt atttggctat tgaatgtgat tgctatctta 9720
atagttttga atagtaatag tgcaaatatt cattcataaa aaataggtaa tcgattttct 9780
cagtgcagtce tatgegtttg cgcaaacagg agacgaagag agagacgcct cacacacaag 9840
cacatgcgta ctacgctggce ctactccgct actctatgtg tegtectcectg catcecgtetge 9900
ttggcggcag ttcttccaga ggctgtgacg tcaggtaage tatttcecgtet cggtgtgetg 9960
ttagccegta acgataagcet gtccgattcece taattctett tcaaataatt tgttttattt 10020
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ttttttttgt gtgttttgaa gtcaaacagc ttcataaaca atattaaata tcgcaattgt 10080
tattgcaaat gcattcgtat caggcgcctt gatgttttte ggccaaaact tegtetgecte 10140
tttgtcagecg taattgcgtt tgccggtcegt gccgtcttge tcgcacgcege ttgcaaacaa 10200
aaagtgaaag agggaaagcc actgtgttgt tgcttttgtt gctatcgttg getgcacaca 10260
catggcaata agtaaccata ttgtagactt atttatttta gcgttttcgt tgactaatct 10320
ttgtttaaat aattgcctat ttcgagccaa aatgacgcat aaaggacacg gcaacatgcg 10380
gtgcgttgag catgcgtacg agatggcgct agagagagcg agataaaaag aaaaaaacaa 10440
ccggcgagtyg gcgagacacg aataatacac acacgcacac atggtcaaag gagtggctcce 10500
aacgtcggtg acgtcgcgec cagccacaga ccccgcecacg ccccgeccca cecttectte 10560
cgctgececeg caccecttte cttecactac cgttttgecg catttggtat tgccatcteg 10620
cttttttgge tttactttge tttttgaata agccaagaaa ctgaaatcaa agcggacagt 10680
ccgaaaattg aaactattcc aaaaaacaac aaccgcacat gcactgcgtt cggcaaaaga 10740
cgcagaaatc agcctgtggt ctggcatcat cttaaaatat catcagtatc atcattgcca 10800
ttataaatac ataagaaaat gagaatacat taaaggtata tacatacaat ctttgtcata 10860
gtcaacatat tttgcaacaa aattatctat agataacatg tttttgtaga aaattccact 10920
aactgatttt cgtataaata caaattattc tcattcttca aaatactcgc cgacgtcatc 10980
gcgaaattcec tcagcattct tcgacaaatg aagagagaca gcgagtgaca caatcttatc 11040
ttaccgacga gtctttgaaa atggccccgg gaacggtgaa aaacatatag ccaagaatgg 11100
agcgatcgcece aggcgatgga aattggcttce aaattgctce gaatatggec agttggtcag 11160
ttggcattgg attgtggaga gatactagat cagctcgtte tccttectect cecgcattcte 11220
ctactcgccce gaagacgctt ctttgatcge ttcecttteteg aatgtacata ttgatatgta 11280
tttggtgttt ggcgacgatc agccagcecttt aatggccata aaacgtgtcect tggtttgtgg 11340
gccacataac aggcagcgag atctggaaaa atgatgtgac agtggaaatg agaagtaggt 11400
gcatctgcaa agatttgatt cagagttgat gccattcatg atttttttta gaagtatcat 11460
ttgtgttttt agaatataga attctagtat gtatgtaagt taataaaacc catttttgceg 11520
gaaagtagat aaaaaaaaca tttttttttt ttactgcact ggatatctgc 11570
<210> SEQ ID NO 18
<211> LENGTH: 11251
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA656
<400> SEQUENCE: 18
cgccaggcega tggaaattgg cttcaaattg ctecgaatat ggecagttgyg tcagttggea 60
ttggattgtg gagagatact agatcagctc gttctectte tectecgeat tctectacte 120
gcccgaagac gcettetttga tcegettettt ctcgaatgta catattgata tgtatttggt 180
gtttggcgac gatcagccag ctttaatgge cataaaacgt gtettggttt gtgggccaca 240
taacaggcag cgagatctgg aaaaatgatg tgacagtgga aatgagaagt aggtgcatct 300
gcaaagattt gattcagagt tgatgccatt catgattttt tttagaagta tcatttgtgt 360
ttttagaata tagaattcta gtatgtatgt aagttaataa aacccatttt tgcggaaagt 420
agataaaaaa aacatttttt ttttttactg cactggatat ctgcggccgce tcatttaaat 480
ctggecggee gcaaccattg tgggaaccgt gegatcaaac aaacgcgaga taccggaagt 540
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actgaaaaac agtcgctcca ggccagtggg aacatcgatyg ttttgttttg acggacccct 600
tactctcegte tcatataaac cgaagccage taagatggta tacttattat catcttgtga 660
tgaggatgct tctatcaacg aaagtaccgg taaaccgcaa atggttatgt attataatca 720
aactaaaggc ggagtggaca cgctagacca aatgtgttet gtgatgacct gcagtaggaa 780
gacgaatagyg tggcctatgg cattattgta cggaatgata aacattgcct gcataaattce 840
ttttattata tacagccata atgtcagtag caagggagaa aaggtccaaa gtcgcaaaaa 900
atttatgaga aacctttaca tgagcctgac gtcatcgttt atgegtaage gtttagaage 960
tcectactttg aagagatatt tgcgcgataa tatctctaat attttgccaa atgaagtgcece 1020
tggtacatca gatgacagta ctgaagagcc agtaatgaaa aaacgtactt actgtactta 1080
ctgccectet aaaataaggc gaaaggcaaa tgcatcgtgce aaaaaatgca aaaaagttat 1140
ttgtcgagag cataatattg atatgtgcca aagttgtttc tgactgacta ataagtataa 1200
tttgtttcta ttatgtataa gttaagctaa ttacttattt tataatacaa catgactgtt 1260
tttaaagtac aaaataagtt tatttttgta aaagagagaa tgtttaaaag ttttgttact 1320
ttatagaaga aattttgagt ttttgttttt ttttaataaa taaataaaca taaataaatt 1380
gtttgttgaa tttattatta gtatgtaagt gtaaatataa taaaacttaa tatctattca 1440
aattaataaa taaacctcga tatacagacc gataaaacac atgcgtcaat tttacgcatg 1500
attatcttta acgtacgtca caatatgatt atctttctag ggttaaataa tagtttctaa 1560
tttttttatt attcagcctg ctgtcgtgaa taccgtatat ctcaacgctg tcectgtgagat 1620
tgtcgtattc tagccttttt agtttttcge tcatcgactt gatattgtce gacacatttt 1680
cgtcgatttg cgttttgatc aaagacttga gcagagacac gttaatcaac tgttcaaatt 1740
gatccatatt aacgatatca acccgatgcg tatatggtgce gtaaaatata ttttttaacc 1800
ctcttatact ttgcactctg cgttaatacg cgttcgtgta cagacgtaat catgttttct 1860
tttttggata aaactcctac tgagtttgac ctcatattag accctcacaa gttgcaaaac 1920
gtggcatttt ttaccaatga agaatttaaa gttattttaa aaaatttcat cacagattta 1980
aagaagaacc aaaaattaaa ttatttcaac agtttaatcg accagttaat caacgtgtac 2040
acagacgcgt cggcaaaaaa cacgcagccce gacgtgttgg ctaaaattat taaatcaact 2100
tgtgttatag tcacggattt gccgtccaac gtgttcctca aaaagttgaa gaccaacaag 2160
tttacggaca ctattaatta tttgattttg ccccacttca ttttgtggga tcacaatttt 2220
gttatatttt aaacaaagct tggcactggc cgtcgtttta caacgtcgtg actgggaaaa 2280
ccetggegtt acccaactta atcgecttge agcacatccce cectttegceca getggcegtaa 2340
tagcgaagag gcccgcaccg atcgcectte ccaacagttyg cgcagectga atggegaatg 2400
gcgectgatg cggtatttte tcecttacgca tectgtgeggt atttcacacc gcatatggtyg 2460
cactctcagt acaatctgct ctgatgccge atagttaagc cagccccgac acccgccaac 2520
acccgcetgac gegcectgac gggcttgtet gcteccggca tceccgcttaca gacaagetgt 2580
gaccgtctee gggagctgca tgtgtcagag gttttcacceg tcatcaccga aacgcgcgag 2640
acgaaagggc ctcgtgatac gectattttt ataggttaat gtcatgataa taatggtttce 2700
ttagacgtca ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt 2760
ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata 2820
atattgaaaa aggaagagta tgagtattca acatttcegt gtcgccctta ttecccttttt 2880
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tgcggcattt tgccttceetg tttttgctca cccagaaacg ctggtgaaag taaaagatgce 2940
tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat 3000
ccttgagagt tttcgcceeg aagaacgttt tccaatgatg agcactttta aagttctget 3060
atgtggcgeg gtattatccce gtattgacge cgggcaagag caactcggtce gecgcataca 3120
ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg 3180
catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa 3240
cttacttctg acaacgatcg gaggaccgaa ggagctaacc gettttttge acaacatggg 3300
ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga 3360
cgagcgtgac accacgatgce ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg 3420
cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt 3480
tgcaggacca cttctgcget cggcccttcee ggetggetgg tttattgctg ataaatctgg 3540
agccggtgag cgtgggtcete geggtatcat tgcagcactg gggccagatg gtaagccctce 3600
ccgtategta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca 3660
gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactce 3720
atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat 3780
cctttttgat aatctcatga ccaaaatcce ttaacgtgag ttttecgttece actgagcgtce 3840
agaccccegta gaaaagatca aaggatcttce ttgagatcct ttttttctge gegtaatctg 3900
ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagcet 3960
accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgtcect 4020
tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgce ctacatacct 4080
cgctctgeta atcctgttac cagtggectge tgccagtgge gataagtcgt gtecttaccgg 4140
gttggactca agacgatagt taccggataa ggcgcagcgg tcegggctgaa cggggggtte 4200
gtgcacacag cccagettgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga 4260
gcattgagaa agcgccacge ttcccgaagg gagaaaggceg gacaggtatc cggtaagegg 4320
cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcect ggtatcttta 4380
tagtcctgte gggtttcgec acctctgact tgagegtcega tttttgtgat getcgtcagg 4440
ggggcggagce ctatggaaaa acgccagcaa cgcggcecttt ttacggttcecce tggecttttg 4500
ctggccectttt gectcacatgt tetttectge gttatccect gattctgtgg ataaccgtat 4560
taccgecttt gagtgagetg ataccgeteg cegecagecga acgaccgage gcagcegagte 4620
agtgagcgag gaagcggaag agcgcccaat acgcaaaccyg cctcetcecceeyg cgegttggece 4680
gattcattaa tgcagctggc acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa 4740
cgcaattaat gtgagttagc tcactcatta ggcaccccag gctttacact ttatgcttcece 4800
ggctcgtatg ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga 4860
ccatgattac gaatttcgac ctgcaggcat gcaagcttgc atgcctgcag gtcgacgcetce 4920
gcgegacttyg gtttgccatt ctttagegeg cgtcgegtca cacagcettgg ccacaatgtg 4980
gtttttgtca aacgaagatt ctatgacgtg tttaaagttt aggtcgagta aagcgcaaat 5040
cttttttaac cctagaaaga tagtctgcgt aaaattgacg catgcattct tgaaatattg 5100
ctctetettt ctaaatageg cgaatccgte gctgtgcatt taggacatct cagtcgccgce 5160
ttggagctce cgtgaggcegt gettgtcaat gcggtaagtg tcactgattt tgaactataa 5220
cgaccgcegtg agtcaaaatg acgcatgatt atcttttacg tgacttttaa gatttaactce 5280
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atacgataat tatattgtta tttcatgttc tacttacgtg ataacttatt atatatatat 5340
tttcttgtta tagatatcgt gactaatata taataaaatg ggtagttctt tagacgatga 5400
gcatatcecte tetgetectte tgcaaagcga tgacgagctt gttggtgagg attctgacag 5460
tgaaatatca gatcacgtaa gtgaagatga cgtccagagc gatacagaag aagcgtttat 5520
agatgaggta catgaagtgc agccaacgtc aagcggtagt gaaatattag acgaacaaaa 5580
tgttattgaa caaccaggtt cttcattggc ttctaacaga atcttgacct tgccacagag 5640
gactattaga ggtaagaata aacattgttg gtcaacttca aagtccacga ggcgtagccyg 5700
agtctctgca ctgaacattg tcagatcgge ccgggcgecg tttttecttga aatattgetce 5760
tctecttteta aatagcgecga atccgtegcet gtgcatttag gacatctcag tegecgettg 5820
gagctcccaa acgcgccagt ggtagtacac agtactgtgg gtgttcagtt tgaaatcctce 5880
ttgcttetece attgtctegg ttacctttgg tcaaatccat gggttctatt gectatatac 5940
tcttgcgatt accagtgatt gcgctattag ctattagatg gattgttggce caaacttgtce 6000
gcttaagtgg ctgggaattg taaccgtagg cccgagtgta atgatccccce ataaaaagtt 6060
ttcgcaatge ctttattttt tgttgcaaat ctcectctttat tctgcggtat tettcattat 6120
tgcggggatg gggaaagtgt ttatatagaa gcaacttacg attgaaccca aatgcacctg 6180
acaagcaagg tcaaagggcc agatttttaa atatattatt tagtcttagg actctctatt 6240
tgcaattaaa ttactttgct acctgagggt taaatcttcc ccattgataa taataattcc 6300
actatatgtt caattgggtt tcaccgcgct tagttacatg acgagcccta atgagccgtce 6360
ggtggtctat aaactgtgcc ttacaaatac ttgcaactct tcectegttttg aagtcagcag 6420
agttattgct aattgctaat tgctaattgc ttttaactga tttcttcgaa attggtgcta 6480
tgtttatggce gctattaaca agtatgaatg tcaggtttaa ccaggggatg cttaattgtg 6540
ttctcaactt caaaggcaga aatgtttact cttgaccatg ggtttaggta taatgttatc 6600
aagctcecteg agttaacgtt acgttaacgt taacgttcga ggtcgactct agaactaccce 6660
accgtactcg tcaattccaa gggcatcggt aaacatctge tcaaactcga agtcggccat 6720
atccagageg ccgtaggggg cggagtegtg gggggtaaat cecggacceyg gggaatccce 6780
gtcececccaac atgtccagat cgaaatcgtce tagcgecgteg gcatgcgeca tcgceccacgte 6840
ctcgecegtet aagtggaget cgtceccccag gctgacateg gtcecggggggg ccegtcecgacag 6900
tctgegegty tgtcccgegg ggagaaagga caggcgcegga gecgecagece ccgectette 6960
gggggcgteg tcegtceccggga gatcgagcag gecctegatg gtagaccegt aattgttttt 7020
cgtacgegeg cggctgtacg cggggcccga gcccgacteg catttcagtt gettttecaa 7080
tcecgcagata atcagctcecca agccgaacag gaatgccegge tecggctcectt gatgatcgaa 7140
cagctcgatt gecctgacgca gcagtggggg catcgaatcg gttgttgggg tetegegetce 7200
ctecttttgeg acttgatget cttggtecte cagcacgcag cccagggtaa agtgaccgac 7260
ggcgctcaga gcecgtagagag cattttceccag gctgaagcect tgctggcaca ggaacgcgag 7320
ctggttcectece agtgtctegt attgetttte ggtegggege gtgccgagat ggactttggce 7380
accgtetegg tgggacagca gagcgcagcg gaacgacttg gegttattge ggaggaagtce 7440
ctgccaggac tcgcctteca acgggcaaaa atgegtgtgg tggcggtcga gcatctcecgat 7500
ggccagggca tccagcagcg ccegcttatt cttcacgtge cagtagaggg tgggctgcetce 7560
cacgcccagce ttctgcgeca acttgegggt cgtcagtcece tcaatgccaa cttegttcaa 7620
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cagctccaac gcggagttga tgactttgga cttatccagg cggctgccca tggtggttte 7680
taaaggtgtt ataaatcaaa ttagttttgt tttttcttga aaactttgcg tttecctttga 7740
tcaacttacc gccagggtac cgcagattgt ttagecttgtt cagctgcget tgtttatttg 7800
cttagctttce gecttagcgac gtgttcactt tgcttgtttg aattgaattg tegctceccgta 7860
gacgaagcgce ctctatttat actccggege tcecgttttcga gtttaccact ccctatcagt 7920
gatagagaaa agtgaaagtc gagtttacca ctccctatca gtgatagaga aaagtgaaag 7980
tcgagtttac cactccctat cagtgataga gaaaagtgaa agtcgagttt accactccct 8040
atcagtgata gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga tagagaaaag 8100
tgaaagtcga gtttaccact ccctatcagt gatagagaaa agtgaaagtc gagtttacca 8160
ctccctatca gtgatagaga aaagtgaaag tcgaaacctg gecgcgcectcet taattaactce 8220
gcgttaagat acattgatga gtttggacaa accacaacta gaatgcagtg aaaaaaatgce 8280
tttatttgtg aaatttgtga tgctattgct ttatttgtaa ccattataag ctgcaataaa 8340
caagttaaca acaacaattg cattcatttt atgtttcagg ttcaggggga ggtgtgggag 8400
gttttttaaa gcaagtaaaa cctctacaaa tgtggtatgg ctgattatga tcagttatct 8460
agatccggtg gatcttacgg gtcctcecacce ttecegetttt tettgggteg agatctcagg 8520
aacaggtggt ggcggcccte ggtgcgetceg tactgcteca cgatggtgta gtcectegttg 8580
tgggaggtga tgtccagctt ggcgtccacg tagtagtagce cgggcagctg cacgggctte 8640
ttggccatgt agatggactt gaactccacc aggtagtggce cgccgtcectt cagcttcagg 8700
geccttgtggg tetegeectt cagcacgecg tegegggggt acaggcgcetce ggtggaggece 8760
tceccagecca tggtettett ctgcatcacg gggecgtegg aggggaagtt cacgcecgatg 8820
aacttcacct tgtagatgaa gcagccgtce tgcagggagg agtcctgggt cacggtcegcece 8880
acgcegecegt cctegaagtt catcacgege teccacttga agecctceggyg gaaggacage 8940
ttettgtagt cggggatgtc ggcggggtgce ttcacgtaca ccttggagcce gtactggaac 9000
tggggggaca ggatgtccca ggcgaagggce agggggcecegce ccttggtcac cttcagette 9060
acggtgttgt ggccctcegta ggggcggcece tcegecctege cctcegatcte gaactegtgg 9120
ccgttcacgg tgccctcecat gegcaccttg aagegcatga actcggtgat gacgtteteg 9180
gaggaggcca tggtggcgac cggtttgege ttcecttettgg gtggggtggg atccccgatce 9240
tgcattttgg attattctgc gggtcaaaat agagatgtgg aaaattagta cgaaatcaaa 9300
tgagtttcgt tgaaattaca aaactattga aactaacttc ctggctgggg aataaaaatg 9360
ggaaacttat ttatcgacgc caactttgtt gagaaacccc tattaaccct ctacgaatat 9420
tggaacaaag gaaagcgaag aaacaggaac aaaggtagtt gagaaacctg ttccgttget 9480
cgtcategtt ttcataatgc gagtgtgtgce atgtatatat acacagctga aacgcatgca 9540
tacacattat tttgtgtgta tatggtgacg tcacaactac taagcaataa gaaattttcc 9600
agacgtggct ttcgtttcaa gcaacctact ctatttcagce taaaaataag tggatttegt 9660
tggtaaaata cttcaattaa gcaaagaact aactaactaa taacatgcac acaaatgctc 9720
gagtgcgttc gtgatttcte gaattttcaa atgcgtcact gcgaatttca caatttgceca 9780
ataaatcttg gcgaaaatca acacgcaagt tttatttata gatttgtttg cgttttgatg 9840
ccaattgatt gggaaaacaa gatgcgtggc tgccaatttc ttattttgta attacgtaga 9900
gcgttgaata aaaaaaaaat ggccgaacaa agaccttgaa atgcagtttt tcttgaaatt 9960
actcaacgtc ttgttgctct tattactaat tggtaacagc gagttaaaaa cttacgtttce 10020
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ttgtgacttt cgagaatgtt cttttaattg tactttaatc accaacaatt aagtataaat 10080
ttttcgetga ttgcgcttta ctttetgett gtacttgetg ctgcaaatgt caattggttt 10140
tgaaggcgac cgttcgcgaa cgctgtttat ataccttegg tgtccgttga aaatcactaa 10200
aaaataccgt agtgttcgta acactttagt acagagaaaa aaaattgtgc cgaaatgttt 10260
ttgatacgta cgaatacctt gtattaaaat tttttatgat ttctgtgtat cacttttttt 10320
ttgtgttttt cgtttaaact caccacagta caaaacaata aaatattttt aagacaattt 10380
caaattgaga cctttctegt actgacttga ccggctgaat gaggatttct acctagacga 10440
cctacttett accatgacat tgaatgcaat gccacctttg atctaaactt acaaaagtcc 10500
aaggcttgtt aggattggtg tttatttagt ttgcttttga aatagcactg tcttctctac 10560
cggctataat tttgaaactc gcagcttgac tggaaattta aaaagtaatt ctgtgtaggt 10620
aaagggtgtt ttaaaagtgt gatgtgttga gcgttgcggce aacgactgct atttatgtat 10680
atattttcaa aacttattgt ttttgaagtg ttttaaatgg agctatctgg caacgctgcg 10740
cataatctta cacaagcttt tcttaatcca tttttaagtg aaatttgttt ttactetttce 10800
ggcaaataat tgttaaatcg ctttaagtgg gcttacatct ggataagtaa tgaaaacctg 10860
catattataa tattaaaaca tataatccac tgtgctttce ccgtgtgtgg ccatatacct 10920
aaaaaagttt attttcgcag agccccgcac ggtcacacta cggttcggeg attttegatt 10980
ttggacagta ctgattgcaa gcgcaccgaa agcaaaatgg agctggagat tttgaacgceg 11040
aagaacagca agccgtacgg caaggtgaag gtgccctecg gcgcecacgece catcggcegat 11100
ctgcgegecce taattcacaa gaccctgaag cagaccccac acgcgaatcg ccagtegett 11160
cgtctggaac tgaagggcaa aagcctgaaa gatacggaca cattggaatc tectgtegetg 11220
cgtteceggeg acaagatcgg ggtaccgcga t 11251
<210> SEQ ID NO 19
<211> LENGTH: 9468
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA710
<400> SEQUENCE: 19
ggcegetcat ttaaatctgg ccggecgcaa ccattgtggg aaccgtgega tcaaacaaac 60
gcgagatacce ggaagtactg aaaaacagtc gctccaggece agtgggaaca tcgatgtttt 120
gttttgacgyg accccttact ctcegtctcat ataaaccgaa gccagctaag atggtatact 180
tattatcatc ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg 240
ttatgtatta taatcaaact aaaggcggag tggacacgct agaccaaatyg tgttctgtga 300
tgacctgcag taggaagacg aataggtggce ctatggcatt attgtacgga atgataaaca 360
ttgcctgcat aaattctttt attatataca gecataatgt cagtagcaag ggagaaaagg 420
tccaaagteg caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatge 480
gtaagcgttt agaagctcct actttgaaga gatatttgceg cgataatatc tctaatattt 540
tgccaaatga agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac 600
gtacttactyg tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa 660
aatgcaaaaa agttatttgt cgagagcata atattgatat gtgccaaagt tgtttctgac 720
tgactaataa gtataatttg tttctattat gtataagtta agctaattac ttattttata 780
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atacaacatg actgttttta aagtacaaaa taagtttatt tttgtaaaag agagaatgtt 840
taaaagtttt gttactttat agaagaaatt ttgagttttt gttttttttt aataaataaa 900
taaacataaa taaattgttt gttgaattta ttattagtat gtaagtgtaa atataataaa 960
acttaatatc tattcaaatt aataaataaa cctcgatata cagaccgata aaacacatgc 1020
gtcaatttta cgcatgatta tctttaacgt acgtcacaat atgattatct ttctagggtt 1080
aaataatagt ttctaatttt tttattattc agcctgctgt cgtgaatacc gtatatctca 1140
acgctgtetg tgagattgtce gtattctage ctttttagtt tttcecgcectcat cgacttgata 1200
ttgtccgaca cattttcecgte gatttgegtt ttgatcaaag acttgagcag agacacgtta 1260
atcaactgtt caaattgatc catattaacg atatcaaccc gatgcgtata tggtgcgtaa 1320
aatatatttt ttaaccctct tatactttgce actctgegtt aatacgcgtt cgtgtacaga 1380
cgtaatcatg ttttcttttt tggataaaac tcctactgag tttgacctca tattagaccce 1440
tcacaagttg caaaacgtgg cattttttac caatgaagaa tttaaagtta ttttaaaaaa 1500
tttcatcaca gatttaaaga agaaccaaaa attaaattat ttcaacagtt taatcgacca 1560
gttaatcaac gtgtacacag acgcgtcggce aaaaaacacg cagcccgacg tgttggctaa 1620
aattattaaa tcaacttgtg ttatagtcac ggatttgccg tccaacgtgt tectcaaaaa 1680
gttgaagacc aacaagttta cggacactat taattatttg attttgcccc acttcatttt 1740
gtgggatcac aattttgtta tattttaaac aaagcttggc actggccgtc gttttacaac 1800
gtcgtgactyg ggaaaaccct ggegttaccce aacttaatcg ccttgcagca catcccectt 1860
tcgecagetyg gegtaatage gaagaggecce geaccgateg cectteccaa cagttgegea 1920
gcctgaatgg cgaatggcge ctgatgeggt attttectcecet tacgcatctg tgcggtattt 1980
cacaccgcat atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 2040
ccegacaccee gccaacacce getgacgege cctgacggge ttgtetgete cceggeatccg 2100
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 2160
caccgaaacg cgcgagacga aagggcctcg tgatacgect atttttatag gttaatgtca 2220
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 2280
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 2340
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 2400
ccettattee cttttttgeg gecattttgcee ttectgtttt tgctcaccca gaaacgctgg 2460
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 2520
tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 2580
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 2640
tcggtegecg catacactat tcectcagaatg acttggttga gtactcacca gtcacagaaa 2700
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 2760
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 2820
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 2880
aagccatacce aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttge 2940
gcaaactatt aactggcgaa ctacttactc tagcttcceg gcaacaatta atagactgga 3000
tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget ggctggttta 3060
ttgctgataa atctggagcc ggtgagcegtg ggtcectcecgegg tatcattgca gcactggggce 3120
cagatggtaa gccctccecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 3180
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atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 3240
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 3300
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 3360
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 3420
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 3480
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 3540
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 3600
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 3660
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 3720
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 3780
gatacctaca gcgtgagcat tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 3840
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 3900
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 3960
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 4020
ggttecctgge cttttgectgg ccttttgete acatgttctt tectgcegtta tcecectgatt 4080
ctgtggataa ccgtattacc gectttgagt gagctgatac cgctcgceccge agccgaacga 4140
ccgagegeag cgagtcagtg agcgaggaag cggaagageg cccaatacge aaaccgecte 4200
tcecegegeg ttggecgatt cattaatgca gctggcacga caggtttcce gactggaaag 4260
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett 4320
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 4380
caggaaacag ctatgaccat gattacgaat ttcgacctgc aggcatgcaa gcttgcatgce 4440
ctgcaggtcg acgctcgege gacttggttt gccattcettt agcecgecgegte gegtcacaca 4500
gcttggeccac aatgtggttt ttgtcaaacg aagattctat gacgtgttta aagtttaggt 4560
cgagtaaagc gcaaatcttt tttaacccta gaaagatagt ctgcgtaaaa ttgacgcatg 4620
cattcttgaa atattgctct ctctttctaa atagcgcgaa teccgtegctg tgcatttagg 4680
acatctcagt cgccgcttgg agectceccecegtg aggcegtgcett gtcaatgcgg taagtgtcac 4740
tgattttgaa ctataacgac cgcgtgagtc aaaatgacgc atgattatct tttacgtgac 4800
ttttaagatt taactcatac gataattata ttgttatttc atgttctact tacgtgataa 4860
cttattatat atatattttc ttgttataga tatcgtgact aatatataat aaaatgggta 4920
gttctttaga cgatgagcat atcctctetg ctcettectgca aagcgatgac gagettgttyg 4980
gtgaggattc tgacagtgaa atatcagatc acgtaagtga agatgacgtc cagagcgata 5040
cagaagaagc gtttatagat gaggtacatg aagtgcagcc aacgtcaagc ggtagtgaaa 5100
tattagacga acaaaatgtt attgaacaac caggttcttc attggcttct aacagaatct 5160
tgaccttgcce acagaggact attagaggta agaataaaca ttgttggtca acttcaaagt 5220
ccacgaggcg tagccgagte tcectgcactga acattgtcag atcggcccgg gegecgtttt 5280
tcttgaaata ttgctctcecte tttctaaata gcgcgaatcce gtcgetgtge atttaggaca 5340
tctcagtege cgcttggage tceccaaacgce gccagtggta gtacacagta ctgtgggtgt 5400
tcagtttgaa atcctcttge ttectccattg tcteggttac ctttggtcaa atccatgggt 5460
tctattgect atatactcectt gcegattacca gtgattgege tattagctat tagatggatt 5520
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gttggccaaa cttgtcgcett aagtggetgg gaattgtaac cgtaggcccg agtgtaatga 5580
tceccccataa aaagtttteg caatgecttt attttttgtt gcaaatctet ctttattcetg 5640
cggtattctt cattattgcg gggatgggga aagtgtttat atagaagcaa cttacgattg 5700
aacccaaatg cacctgacaa gcaaggtcaa agggccagat ttttaaatat attatttagt 5760
cttaggactc tctatttgca attaaattac tttgctacct gagggttaaa tcecttccccat 5820
tgataataat aattccacta tatgttcaat tgggtttcac cgcgcttagt tacatgacga 5880
gccctaatga gecgteggtg gtctataaac tgtgccttac aaatacttgc aactcttcetce 5940
gttttgaagt cagcagagtt attgctaatt gctaattgct aattgctttt aactgatttce 6000
ttcgaaattg gtgctatgtt tatggcgcta ttaacaagta tgaatgtcag gtttaaccag 6060
gggatgctta attgtgttct caacttcaaa ggcagaaatg tttactcttg accatgggtt 6120
taggtataat gttatcaagc tcctcgagtt aacgttacgt taacgttaac gttcgaggtce 6180
gactctagaa ctacccaccg tactcgtcaa ttccaagggc atcggtaaac atctgctcaa 6240
actcgaagte ggccatatcce agagcgecgt agggggcegga gtegtggggyg gtaaatcccg 6300
gaccecgggga atccccgtcee cccaacatgt ccagatcgaa atcgtctagce gcgtcecggcat 6360
gcgecatege cacgtecteg ccecgtcectaagt ggagctcecgte cecccaggetg acatcggteg 6420
ggggggcegt cgacagtcetg cgegtgtgte ccgeggggag aaaggacagg cgcggagecyg 6480
ccagccececge ctettegggg gegtegtegt ccgggagatce gagcaggccce tcegatggtag 6540
acccgtaatt gtttttcegta cgecgcecgegge tgtacgeggg geccgagccece gactcgcatt 6600
tcagttgctt ttccaatccg cagataatca gctccaagec gaacaggaat gecggctegg 6660
ctccttgatg atcgaacagce tcgattgcect gacgcagcag tgggggcatce gaatcggttg 6720
ttggggtcte gecgctectet tttgcgactt gatgctettg gtcecctceccage acgcagccca 6780
gggtaaagtg accgacggcg ctcagagcegt agagagcatt ttccaggcectg aagecttget 6840
ggcacaggaa cgcgagctgg ttctceccagtg tcectegtattg ctttteggte gggegegtge 6900
cgagatggac tttggcaccg tctcggtggg acagcagagce gcagcggaac gacttggegt 6960
tattgcggag gaagtcctge caggactcge cttceccaacgg gcaaaaatgce gtgtggtggce 7020
ggtcgagcat ctcgatggce agggcatcca gcagcgcceg cttattcectte acgtgccagt 7080
agagggtggg ctgctccacg cccagcttct gcgeccaactt gegggtcgte agtccctcaa 7140
tgccaacttc gttcaacagc tccaacgcgg agttgatgac tttggactta tccaggcggce 7200
tgcccatggt ggtttctaaa ggtgttataa atcaaattag ttttgttttt tcettgaaaac 7260
tttgcgttte ctttgatcaa cttaccgcca gggtaccgca gattgtttag cttgttcagce 7320
tgcgettgtt tatttgctta getttegett agcgacgtgt tcactttget tgtttgaatt 7380
gaattgtcge tccgtagacg aagcgcectcet atttatacte cggecgctegt tttegagttt 7440
accactccct atcagtgata gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga 7500
tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa agtgaaagtc 7560
gagtttacca ctccctatca gtgatagaga aaagtgaaag tcgagtttac cactccctat 7620
cagtgataga gaaaagtgaa agtcgagttt accactccct atcagtgata gagaaaagtg 7680
aaagtcgagt ttaccactcc ctatcagtga tagagaaaag tgaaagtcga aacctggcgce 7740
gcctettaat taactcgegt taagatacat tgatgagttt ggacaaacca caactagaat 7800
gcagtgaaaa aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat 7860
tataagctgc aataaacaag ttaacaacaa caattgcatt cattttatgt ttcaggttca 7920
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gggggaggtyg tgggaggttt tttaaagcaa gtaaaacctc tacaaatgtg gtatggctga 7980
ttatgatcag ttatctagat ccggtggatc ttacgggtcc tccaccttee getttttett 8040
gggtcgagat ctcaggaaca ggtggtggcg gecccteggtyg cgctcegtact gctceccacgat 8100
ggtgtagtce tegttgtggg aggtgatgtc cagcttggeg tcecacgtagt agtagcceggg 8160
cagctgcacg ggcttcttgg ccatgtagat ggacttgaac tccaccaggt agtggccgcece 8220
gtcecttcage ttcagggcect tgtgggtete geccttcage acgccgtege gggggtacag 8280
gcgeteggtyg gaggectcece ageccatggt cttcettcectge atcacggggce cgteggaggy 8340
gaagttcacg ccgatgaact tcaccttgta gatgaagcag ccgtcctgca gggaggagtce 8400
ctgggtcacg gtcgccacge cgccgtecte gaagttcatce acgcgctcece acttgaagcece 8460
ctcggggaag gacagcttet tgtagteggg gatgtcggeg gggtgcttca cgtacacctt 8520
ggagccgtac tggaactggg gggacaggat gtcccaggeyg aagggcaggg ggecgccctt 8580
ggtcacctte agecttcacgg tgttgtggecce ctcecgtagggg cggccctege cctegeecte 8640
gatctcgaac tcgtggceccgt tcacggtgece ctceccatgcge accttgaagce gcatgaactce 8700
ggtgatgacg ttctcecggagg aggccatggt ggcgaccggt ttgegcettet tettgggtgg 8760
ggtgggatcc tcgtcecgcaca tcttgaatta gtctgcaaga aaagaaaaaa aacaattcaa 8820
actacattct cattccatac attatactaa gtaaacgaca aatttatttg cgtccatcta 8880
tttagtgacg ttaaagaaaa ctgtataaga ttcataattc actgttccca atttctgttt 8940
ccgaattgat cgatgcgagt ggacactttg aaatgtgcegt ccaataaact tatttcttat 9000
ttagtagtgt ttattaacat ctgcagtaca ctaaattccg aaaaatgttt ttttttataa 9060
aaaatttcac ttcactagtt atgcaacaat tatgtaacgt aacacgttat cattagcgta 9120
ttattaaaaa aaaaaaacac tcaaacatat gtaatactta aaggtaaagg gacggagaac 9180
cttcgaaatt caaattttac aaataaataa atatgttttt ttttctttcg caattttaaa 9240
attaaaactt acatagtatt attaaataag tgacaagtac gtagatgcga atgcgcactg 9300
ttcgagcaca ccttagtaaa tgagaaccga ctcgtgagga taaactatat aaaagagccg 9360
ttatcacaat ttacacagta tcggctccag tttgtttttc caccaatcgce gggctgactce 9420
agtttttgtc accatatatg gtaacgcgca cgctatcagg taccatgc 9468
<210> SEQ ID NO 20
<211> LENGTH: 10140
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA928
<400> SEQUENCE: 20
ggcegetcat ttaaatctgg ccggecgcaa ccattgtggg aaccgtgega tcaaacaaac 60
gcgagatacce ggaagtactg aaaaacagtc gctccaggece agtgggaaca tcgatgtttt 120
gttttgacgyg accccttact ctcegtctcat ataaaccgaa gccagctaag atggtatact 180
tattatcatc ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg 240
ttatgtatta taatcaaact aaaggcggag tggacacgct agaccaaatyg tgttctgtga 300
tgacctgcag taggaagacg aataggtggce ctatggcatt attgtacgga atgataaaca 360
ttgcctgcat aaattctttt attatataca gecataatgt cagtagcaag ggagaaaagg 420
tccaaagteg caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatge 480
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gtaagcgttt agaagctcct actttgaaga gatatttgceg cgataatatc tctaatattt 540
tgccaaatga agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac 600
gtacttactyg tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa 660
aatgcaaaaa agttatttgt cgagagcata atattgatat gtgccaaagt tgtttctgac 720
tgactaataa gtataatttg tttctattat gtataagtta agctaattac ttattttata 780
atacaacatg actgttttta aagtacaaaa taagtttatt tttgtaaaag agagaatgtt 840
taaaagtttt gttactttat agaagaaatt ttgagttttt gttttttttt aataaataaa 900
taaacataaa taaattgttt gttgaattta ttattagtat gtaagtgtaa atataataaa 960
acttaatatc tattcaaatt aataaataaa cctcgatata cagaccgata aaacacatgc 1020
gtcaatttta cgcatgatta tctttaacgt acgtcacaat atgattatct ttctagggtt 1080
aaataatagt ttctaatttt tttattattc agcctgctgt cgtgaatacc gtatatctca 1140
acgctgtetg tgagattgtce gtattctage ctttttagtt tttcecgcectcat cgacttgata 1200
ttgtccgaca cattttcecgte gatttgegtt ttgatcaaag acttgagcag agacacgtta 1260
atcaactgtt caaattgatc catattaacg atatcaaccc gatgcgtata tggtgcgtaa 1320
aatatatttt ttaaccctct tatactttgce actctgegtt aatacgcgtt cgtgtacaga 1380
cgtaatcatg ttttcttttt tggataaaac tcctactgag tttgacctca tattagaccce 1440
tcacaagttg caaaacgtgg cattttttac caatgaagaa tttaaagtta ttttaaaaaa 1500
tttcatcaca gatttaaaga agaaccaaaa attaaattat ttcaacagtt taatcgacca 1560
gttaatcaac gtgtacacag acgcgtcggce aaaaaacacg cagcccgacg tgttggctaa 1620
aattattaaa tcaacttgtg ttatagtcac ggatttgccg tccaacgtgt tectcaaaaa 1680
gttgaagacc aacaagttta cggacactat taattatttg attttgcccc acttcatttt 1740
gtgggatcac aattttgtta tattttaaac aaagcttggc actggccgtc gttttacaac 1800
gtcgtgactyg ggaaaaccct ggegttaccce aacttaatcg ccttgcagca catcccectt 1860
tcgecagetyg gegtaatage gaagaggecce geaccgateg cectteccaa cagttgegea 1920
gcctgaatgg cgaatggcge ctgatgeggt attttectcecet tacgcatctg tgcggtattt 1980
cacaccgcat atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 2040
ccegacaccee gccaacacce getgacgege cctgacggge ttgtetgete cceggeatccg 2100
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 2160
caccgaaacg cgcgagacga aagggcctcg tgatacgect atttttatag gttaatgtca 2220
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 2280
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 2340
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 2400
ccettattee cttttttgeg gecattttgcee ttectgtttt tgctcaccca gaaacgctgg 2460
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 2520
tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 2580
cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 2640
tcggtegecg catacactat tcectcagaatg acttggttga gtactcacca gtcacagaaa 2700
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 2760
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 2820
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 2880
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aagccatacce aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttge 2940
gcaaactatt aactggcgaa ctacttactc tagcttcceg gcaacaatta atagactgga 3000
tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget ggctggttta 3060
ttgctgataa atctggagcc ggtgagcegtg ggtcectcecgegg tatcattgca gcactggggce 3120
cagatggtaa gccctccecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 3180
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 3240
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 3300
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 3360
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 3420
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 3480
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 3540
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 3600
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 3660
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 3720
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 3780
gatacctaca gcgtgagcat tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 3840
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 3900
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 3960
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 4020
ggttecctgge cttttgectgg ccttttgete acatgttctt tectgcegtta tcecectgatt 4080
ctgtggataa ccgtattacc gectttgagt gagctgatac cgctcgceccge agccgaacga 4140
ccgagegeag cgagtcagtg agcgaggaag cggaagageg cccaatacge aaaccgecte 4200
tcecegegeg ttggecgatt cattaatgca gctggcacga caggtttcce gactggaaag 4260
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett 4320
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 4380
caggaaacag ctatgaccat gattacgaat ttcgacctgc aggcatgcaa gcttgcatgce 4440
ctgcaggtcg acgctcgege gacttggttt gccattcettt agcecgecgegte gegtcacaca 4500
gcttggeccac aatgtggttt ttgtcaaacg aagattctat gacgtgttta aagtttaggt 4560
cgagtaaagc gcaaatcttt tttaacccta gaaagatagt ctgcgtaaaa ttgacgcatg 4620
cattcttgaa atattgctct ctctttctaa atagcgcgaa teccgtegctg tgcatttagg 4680
acatctcagt cgccgcttgg agectceccecegtg aggcegtgcett gtcaatgcgg taagtgtcac 4740
tgattttgaa ctataacgac cgcgtgagtc aaaatgacgc atgattatct tttacgtgac 4800
ttttaagatt taactcatac gataattata ttgttatttc atgttctact tacgtgataa 4860
cttattatat atatattttc ttgttataga tatcgtgact aatatataat aaaatgggta 4920
gttctttaga cgatgagcat atcctctetg ctcettectgca aagcgatgac gagettgttyg 4980
gtgaggattc tgacagtgaa atatcagatc acgtaagtga agatgacgtc cagagcgata 5040
cagaagaagc gtttatagat gaggtacatg aagtgcagcc aacgtcaagc ggtagtgaaa 5100
tattagacga acaaaatgtt attgaacaac caggttcttc attggcttct aacagaatct 5160
tgaccttgcce acagaggact attagaggta agaataaaca ttgttggtca acttcaaagt 5220
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ccacgaggcg tagccgagte tcectgcactga acattgtcag atcggcccgg gegecgtttt 5280
tcttgaaata ttgctctcecte tttctaaata gcgcgaatcce gtcgetgtge atttaggaca 5340
tctcagtege cgcttggage tceccaaacgce gccagtggta gtacacagta ctgtgggtgt 5400
tcagtttgaa atcctcttge ttectccattg tcteggttac ctttggtcaa atccatgggt 5460
tctattgect atatactcectt gcegattacca gtgattgege tattagctat tagatggatt 5520
gttggccaaa cttgtcgcett aagtggetgg gaattgtaac cgtaggcccg agtgtaatga 5580
tceccccataa aaagtttteg caatgecttt attttttgtt gcaaatctet ctttattcetg 5640
cggtattctt cattattgcg gggatgggga aagtgtttat atagaagcaa cttacgattg 5700
aacccaaatg cacctgacaa gcaaggtcaa agggccagat ttttaaatat attatttagt 5760
cttaggactc tctatttgca attaaattac tttgctacct gagggttaaa tcecttccccat 5820
tgataataat aattccacta tatgttcaat tgggtttcac cgcgcttagt tacatgacga 5880
gccctaatga gecgteggtg gtctataaac tgtgccttac aaatacttgc aactcttcetce 5940
gttttgaagt cagcagagtt attgctaatt gctaattgct aattgctttt aactgatttce 6000
ttcgaaattg gtgctatgtt tatggcgcta ttaacaagta tgaatgtcag gtttaaccag 6060
gggatgctta attgtgttct caacttcaaa ggcagaaatg tttactcttg accatgggtt 6120
taggtataat gttatcaagc tcctcgagtt aacgttacgt taacgttaac gttcgaggtce 6180
gactctagaa ctacccaccg tactcgtcaa ttccaagggc atcggtaaac atctgctcaa 6240
actcgaagte ggccatatcce agagcgecgt agggggcegga gtegtggggyg gtaaatcccg 6300
gaccecgggga atccccgtcee cccaacatgt ccagatcgaa atcgtctagce gcgtcecggcat 6360
gcgecatege cacgtecteg ccecgtcectaagt ggagctcecgte cecccaggetg acatcggteg 6420
ggggggcegt cgacagtcetg cgegtgtgte ccgeggggag aaaggacagg cgcggagecyg 6480
ccagccececge ctettegggg gegtegtegt ccgggagatce gagcaggccce tcegatggtag 6540
acccgtaatt gtttttcegta cgecgcecgegge tgtacgeggg geccgagccece gactcgcatt 6600
tcagttgctt ttccaatccg cagataatca gctccaagec gaacaggaat gecggctegg 6660
ctccttgatg atcgaacagce tcgattgcect gacgcagcag tgggggcatce gaatcggttg 6720
ttggggtcte gecgctectet tttgcgactt gatgctettg gtcecctceccage acgcagccca 6780
gggtaaagtg accgacggcg ctcagagcegt agagagcatt ttccaggcectg aagecttget 6840
ggcacaggaa cgcgagctgg ttctceccagtg tcectegtattg ctttteggte gggegegtge 6900
cgagatggac tttggcaccg tctcggtggg acagcagagce gcagcggaac gacttggegt 6960
tattgcggag gaagtcctge caggactcge cttceccaacgg gcaaaaatgce gtgtggtggce 7020
ggtcgagcat ctcgatggce agggcatcca gcagcgcceg cttattcectte acgtgccagt 7080
agagggtggg ctgctccacg cccagcttct gcgeccaactt gegggtcgte agtccctcaa 7140
tgccaacttc gttcaacagc tccaacgcgg agttgatgac tttggactta tccaggcggce 7200
tgcccatggt ggtttctaaa ggtgttataa atcaaattag ttttgttttt tcettgaaaac 7260
tttgcgttte ctttgatcaa cttaccgcca gggtaccgca gattgtttag cttgttcagce 7320
tgcgettgtt tatttgctta getttegett agcgacgtgt tcactttget tgtttgaatt 7380
gaattgtcge tccgtagacg aagcgcectcet atttatacte cggecgctegt tttegagttt 7440
accactccct atcagtgata gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga 7500
tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa agtgaaagtc 7560
gagtttacca ctccctatca gtgatagaga aaagtgaaag tcgagtttac cactccctat 7620
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cagtgataga gaaaagtgaa agtcgagttt accactccct atcagtgata gagaaaagtg 7680
aaagtcgagt ttaccactcc ctatcagtga tagagaaaag tgaaagtcga aacctggcgce 7740
gcctettaat taactcgegt taagatacat tgatgagttt ggacaaacca caactagaat 7800
gcagtgaaaa aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat 7860
tataagctgc aataaacaag ttaacaacaa caattgcatt cattttatgt ttcaggttca 7920
gggggaggtyg tgggaggttt tttaaagcaa gtaaaacctc tacaaatgtg gtatggctga 7980
ttatgatcag ttatctagat ccggtggatc ttacgggtcc tccaccttee getttttett 8040
gggtcgagat ctcaggaaca ggtggtggcg gecccteggtyg cgctcegtact gctceccacgat 8100
ggtgtagtce tegttgtggg aggtgatgtc cagcttggeg tcecacgtagt agtagcceggg 8160
cagctgcacg ggcttcttgg ccatgtagat ggacttgaac tccaccaggt agtggccgcece 8220
gtcecttcage ttcagggcect tgtgggtete geccttcage acgccgtege gggggtacag 8280
gcgeteggtyg gaggectcece ageccatggt cttcettcectge atcacggggce cgteggaggy 8340
gaagttcacg ccgatgaact tcaccttgta gatgaagcag ccgtcctgca gggaggagtce 8400
ctgggtcacg gtcgccacge cgccgtecte gaagttcatce acgcgctcece acttgaagcece 8460
ctcggggaag gacagcttet tgtagteggg gatgtcggeg gggtgcttca cgtacacctt 8520
ggagccgtac tggaactggg gggacaggat gtcccaggeyg aagggcaggg ggecgccctt 8580
ggtcacctte agecttcacgg tgttgtggecce ctcecgtagggg cggccctege cctegeecte 8640
gatctcgaac tcgtggceccgt tcacggtgece ctceccatgcge accttgaagce gcatgaactce 8700
ggtgatgacg ttctcecggagg aggccatggt ggcgaccggt ttgegcettet tettgggtgg 8760
ggtgggatct cccatggtgg cctgaatctce aacttgcacc tgaaggtagt gcagcaagga 8820
tgagcaaaag ggaagaaccc agaaaagaac gggaaaactt accccaatta gaattgettg 8880
tcgcecgecag tgtcaacttyg caactgaaac aatatccaac atgaacgtca atttatactg 8940
ccctaatgge gaacacgata acaatatttce ttttattatg ccctctaaaa ccaacgcggt 9000
tatcgtttat ttattcaaat tagatataga acatccgccg acatacaatg ttaatgcaaa 9060
aacgcgtttg gtgagcggat acgaaaacag tcggccgata aacattaatc tgaggtcgat 9120
aacaccgtcee ttgaacggaa cacgaggagce gtacgtgate agetgcatte gcegegecgeg 9180
cctttatcga gatttatttyg catacaacaa gtacactgcg ccgttgggat ttgtggtaac 9240
gcgcacacat gcagagctgce aagtgtggca cattttgtet gtgcgcaaaa cctttgaage 9300
caaaagtacg aggtccgtta cgggcatget agegcacacyg gacaatggac ccgacaaatt 9360
ctacgccaag gatttaatga taatgtcggg caacgtatcc gttcatttta tcaataacct 9420
acaaaaatgt cgcgcgcatc acaaagacat cgatatattt aaacatttat gtcccgaact 9480
gcaaatcgat aatagtgttg tgcaacctcg agcgtccgtt tgatttaacg tatagcttge 9540
aaatgaatta tttaattatc aatcatgttt tacgcgtaga attctacccg taaagcgagt 9600
ttagttatga gccatgtgca aaacatgaca tcagctttta tttttataac aaatgacatc 9660
atttcttgat tgtgttttac acgtagaatt ctactcgtaa agcgagttca gttttgaaaa 9720
acaaatgaca tcatcttttt gattgtgctt tacaagtaga attctacccg taaatcaagt 9780
tcggttttga aaaacaaatg agtcatattg tatgatatca tattgcaaaa caaatgactc 9840
atcaatcgat cgtgcgttac acgtagaatt ctactcgtaa agcgagttta tgagccgtgt 9900
gcaaaacatg acatcatctc gatttgaaaa acaaatgaca tcatccactg atcgtgcatt 9960
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acaagtagaa ttctactcgt aaagccagtt cggttatgag ccgtgtacaa aacatgacat 10020
cagattatga ctcatacttg attgtgtttt acgcgtagaa ttctactcgt aaagccagtt 10080
caattttaaa aacaaatgac atcatccaaa ttaataaatg acaagcaatg ggtaccatgc 10140
<210> SEQ ID NO 21
<211> LENGTH: 10522
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLAll24
<400> SEQUENCE: 21
gtggtttttyg tcaaacgaag attctatgac gtgtttaaag tttaggtcga gtaaagcgca 60
aatctttttt aaccctagaa agatagtctg cgtaaaattyg acgcatgcat tcttgaaata 120
ttgctetete tttctaaata gcgcgaatce gtegetgtge atttaggaca tctcagtcege 180
cgettggage tccegtgagg cgtgcttgte aatgeggtaa gtgtcactga ttttgaacta 240
taacgaccge gtgagtcaaa atgacgcatg attatctttt acgtgacttt taagatttaa 300
ctcatacgat aattatattg ttatttcatg ttctacttac gtgataactt attatatata 360
tattttettg ttatagatat cgtgactaat atataataaa atgggtagtt ctttagacga 420
tgagcatatc ctctetgete ttectgcaaag cgatgacgag cttgttggtyg aggattctga 480
cagtgaaata tcagatcacg taagtgaaga tgacgtccag agcgatacag aagaagcgtt 540
tatagatgag gtacatgaag tgcagccaac gtcaagcggt agtgaaatat tagacgaaca 600
aaatgttatt gaacaaccag gttcttcatt ggcttctaac agaatcttga ccttgcecaca 660
gaggactatt agaggtaaga ataaacattg ttggtcaact tcaaagtcca cgaggcgtag 720
ccgagtetet gcactgaaca ttgtcagatce ggeccgggeg cegtttttet tgaaatattg 780
ctetetettt ctaaatagceg cgaatcegte getgtgcatt taggacatct cagtegecge 840
ttggagctee caaacgcgcece agtggtagta cacagtactyg tgggtgttca gtttgaaatce 900
ctecttgette tccattgtet cggttacctt tggtcaaatc catgggttct attgectata 960
tactcttgeg attaccagtyg attgcgctat tagctattag atggattgtt ggccaaactt 1020
gtcgcttaag tggctgggaa ttgtaaccgt aggcccgagt gtaatgatcce cccataaaaa 1080
gttttcgcaa tgcctttatt ttttgttgca aatctctctt tattctgegg tattcttceat 1140
tattgcgggg atggggaaag tgtttatata gaagcaactt acgattgaac ccaaatgcac 1200
ctgacaagca aggtcaaagg gccagatttt taaatatatt atttagtctt aggactctct 1260
atttgcaatt aaattacttt gctacctgag ggttaaatct tccccattga taataataat 1320
tccactatat gttcaattgg gtttcaccge gcttagttac atgacgagcce ctaatgagcece 1380
gtcggtggte tataaactgt gccttacaaa tacttgcaac tettctegtt ttgaagtcag 1440
cagagttatt gctaattgct aattgctaat tgcttttaac tgatttcttce gaaattggtg 1500
ctatgtttat ggcgctatta acaagtatga atgtcaggtt taaccagggg atgcttaatt 1560
gtgttctcaa cttcaaaggc agaaatgttt actcttgacc atgggtttag gtataatgtt 1620
atcaagctcce tcgagttaac gttacgttaa cgttaacgtt cgaggtcgac tctagaacta 1680
cccaccgtac tecgtcaattce caagggcatc ggtaaacatc tgctcaaact cgaagtcggce 1740
catatccaga gcgceegtagg gggcggagte gtggggggta aatcccggac ccggggaatce 1800
ccegteccee aacatgtceca gatcgaaatce gtctagegeg tecggcatgeg ccatcgccac 1860
gtcectegeeg tcectaagtgga gctegtecce caggctgaca teggtcegggg gggcecgtcega 1920
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cagtctgege gtgtgtecceg cggggagaaa ggacaggcege ggagecgeca gcccecgecte 1980
ttecgggggeg tegtegtecyg ggagatcgag caggcccteg atggtagacce cgtaattgtt 2040
tttegtacge gegecggctgt acgcggggcee cgagcccgac tcgcatttca gttgetttte 2100
caatccgcag ataatcagct ccaagccgaa caggaatgcc ggctcggcte cttgatgatce 2160
gaacagctecg attgcctgac gcagcagtgg gggcatcgaa tceggttgttg gggtcectegeg 2220
ctecctetttt gegacttgat getcecttggte ctecagcacg cagcccaggg taaagtgacce 2280
gacggcgcete agagcgtaga gagcattttce caggctgaag ccttgctggce acaggaacgce 2340
gagctggtte tccagtgtct cgtattgett ttcecggtcggg cgcgtgccga gatggacttt 2400
ggcaccgtet cggtgggaca gcagagcgca gcggaacgac ttggegttat tgcggaggaa 2460
gtcetgeccag gactcegectt ccaacgggca aaaatgcgtg tggtggcggt cgagcatctce 2520
gatggccagg gcatccagca gcgcecccgett attcttcacg tgccagtaga gggtgggcetyg 2580
ctccacgecce agcettcectgeg ccaacttgcg ggtegtcagt ccctcaatge caacttegtt 2640
caacagctcc aacgcggagt tgatgacttt ggacttatcc aggcggctgce ccatggtggt 2700
ttctaaaggt gttataaatc aaattagttt tgttttttect tgaaaacttt gegtttectt 2760
tgatcaactt accgccaggg taccgcagat tgtttagett gttcagctge gettgtttat 2820
ttgcttaget ttcgcttage gacgtgttca ctttgcttgt ttgaattgaa ttgtcgctcece 2880
gtagacgaag cgcctctatt tatactccgg cgctegtttt cgagtttacce actccctatce 2940
agtgatagag aaaagtgaaa gtcgagttta ccactcccta tcagtgatag agaaaagtga 3000
aagtcgagtt taccactccc tatcagtgat agagaaaagt gaaagtcgag tttaccactc 3060
cctatcagtg atagagaaaa gtgaaagtcg agtttaccac tccctatcag tgatagagaa 3120
aagtgaaagt cgagtttacc actccctatc agtgatagag aaaagtgaaa gtcgagttta 3180
ccactcecta tcagtgatag agaaaagtga aagtcgaaac ctggcgegece ccggecatcg 3240
agaaagagag agagaagaga agagagagaa cattcgagaa agagagagag aagagaagag 3300
agagaacata ctccctatca gtgatagaga agtccctatc agtgatagag atgtccctat 3360
cagtgataga gagttcccta tcagtgatag agacgtccect atcagtgata gagaagtccce 3420
tatcagtgat agagagatcc ctatcagtga tagagatttc cctatcagtg atagagaggt 3480
ccectatcagt gatagagact tcecctatcag tgatagagaa atccctatca gtgatagaga 3540
catccctatce agtgatagag aactccctat cagtgataga gacctcccta tcagtgatag 3600
agatcgatgc ggccgcatgg tacccattge ttgtcattta ttaatttgga tgatgtcatt 3660
tgtttttaaa attgaactgg ctttacgagt agaattctac gcgtaaaaca caatcaagta 3720
tgagtcataa tctgatgtca tgttttgtac acggctcata accgaactgg ctttacgagt 3780
agaattctac ttgtaatgca cgatcagtgg atgatgtcat ttgtttttca aatcgagatg 3840
atgtcatgtt ttgcacacgg ctcataaact cgctttacga gtagaattct acgtgtaacg 3900
cacgatcgat tgatgagtca tttgttttgc aatatgatat catacaatat gactcatttg 3960
tttttcaaaa ccgaacttga tttacgggta gaattctact tgtaaagcac aatcaaaaag 4020
atgatgtcat ttgtttttca aaactgaact cgctttacga gtagaattct acgtgtaaaa 4080
cacaatcaag aaatgatgtc atttgttata aaaataaaag ctgatgtcat gttttgcaca 4140
tggctcataa ctaaactcgce tttacgggta gaattctacg cgtaaaacat gattgataat 4200
taaataattc atttgcaagc tatacgttaa atcaaacgga cgctcgaggt tgcacaacac 4260



99

US 9,121,036 B2

100

-continued
tattatcgat ttgcagttcg ggacataaat gtttaaatat atcgatgtct ttgtgatgceg 4320
cgcgacattt ttgtaggtta ttgataaaat gaacggatac gttgcccgac attatcatta 4380
aatccttgge gtagaatttg tcegggtceccat tgtecegtgtg cgctagcatg cccgtaacgg 4440
acctcgtact tttggcttca aaggttttge gcacagacaa aatgtgccac acttgcagcet 4500
ctgcatgtgt gcgcgttacc acaaatccca acggcgcagt gtacttgttg tatgcaaata 4560
aatctcgata aaggcgcggce gcgcgaatgce agctgatcac gtacgctcect cgtgtteegt 4620
tcaaggacgg tgttatcgac ctcagattaa tgtttatcgg ccgactgttt tegtatccgce 4680
tcaccaaacg cgtttttgca ttaacattgt atgtcggcegg atgttctata tctaatttga 4740
ataaataaac gataaccgcg ttggttttag agggcataat aaaagaaata ttgttatcgt 4800
gttcgccatt agggcagtat aaattgacgt tcatgttgga tattgtttca gttgcaagtt 4860
gacactggcg gcgacaagca attctaattg gggtaagttt tcccgttett ttetgggtte 4920
ttccecttttyg ctcatccttyg ctgcactace ttcaggtgca agttgagatt caggccacca 4980
tgggagatce caccccacce aagaagaagce gcaaaccggt cgecaccatg gectectcecg 5040
agaacgtcat caccgagttc atgcgcttca aggtgcgcat ggagggcacce gtgaacggcce 5100
acgagttcga gatcgagggce gagggcgagg gecgecccta cgagggccac aacaccgtga 5160
agctgaaggt gaccaagggc ggccccectge ccttegectg ggacatcctg tecccccagt 5220
tccagtacgg ctccaaggtg tacgtgaage accccgcecga catccccgac tacaagaagce 5280
tgtccttece cgagggctte aagtgggage gcgtgatgaa cttcecgaggac ggcggcegtgg 5340
cgaccgtgac ccaggactcce tceccctgcagg acggctgcett catctacaag gtgaagttca 5400
tecggegtgaa cttecectee gacggecceg tgatgcagaa gaagaccatyg ggctgggagg 5460
cctecaccga gegectgtac ccccgegacg gegtgctgaa gggcgagacce cacaaggccce 5520
tgaagctgaa ggacggcggce cactacctgg tggagttcaa gtccatctac atggccaaga 5580
agccegtgcea getgeccgge tactactacg tggacgccaa gcetggacatce acctceccaca 5640
acgaggacta caccatcgtg gagcagtacg agcgcaccga gggcecgccac cacctgttee 5700
tgagatcteg acccaagaaa aagcggaagg tggaggacce gtaagatcca ccggatctag 5760
ataactgatc ataatcagcc ataccacatt tgtagaggtt ttacttgctt taaaaaacct 5820
cccacaccte cccctgaacce tgaaacataa aatgaatgca attgttgttg ttaacttgtt 5880
tattgcagct tataatggtt acaaataaag caatagcatc acaaatttca caaataaagc 5940
atttttttca ctgcattcta gttgtggttt gtccaaactc atcaatgtat cttaacgcga 6000
gttaattaag gccgctcatt taaatctggce cggccgcaac cattgtggga accgtgcgat 6060
caaacaaacg cgagataccg gaagtactga aaaacagtcg ctccaggcca gtgggaacat 6120
cgatgttttg ttttgacgga ccccttacte tcgtctcata taaaccgaag ccagctaaga 6180
tggtatactt attatcatct tgtgatgagg atgcttctat caacgaaagt accggtaaac 6240
cgcaaatggt tatgtattat aatcaaacta aaggcggagt ggacacgcta gaccaaatgt 6300
gttctgtgat gacctgcagt aggaagacga ataggtggcc tatggcatta ttgtacggaa 6360
tgataaacat tgcctgcata aattctttta ttatatacag ccataatgtc agtagcaagg 6420
gagaaaaggt ccaaagtcgc aaaaaattta tgagaaacct ttacatgagc ctgacgtcat 6480
cgtttatgcg taagcgttta gaagctccta ctttgaagag atatttgcge gataatatct 6540
ctaatatttt gccaaatgaa gtgcctggta catcagatga cagtactgaa gagccagtaa 6600
tgaaaaaacg tacttactgt acttactgcc cctctaaaat aaggcgaaag gcaaatgcat 6660
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cgtgcaaaaa atgcaaaaaa gttatttgtc gagagcataa tattgatatg tgccaaagtt 6720
gtttctgact gactaataag tataatttgt ttctattatg tataagttaa gctaattact 6780
tattttataa tacaacatga ctgtttttaa agtacaaaat aagtttattt ttgtaaaaga 6840
gagaatgttt aaaagttttg ttactttata gaagaaattt tgagtttttg ttttttttta 6900
ataaataaat aaacataaat aaattgtttg ttgaatttat tattagtatg taagtgtaaa 6960
tataataaaa cttaatatct attcaaatta ataaataaac ctcgatatac agaccgataa 7020
aacacatgcg tcaattttac gcatgattat ctttaacgta cgtcacaata tgattatctt 7080
tctagggtta aataatagtt tctaattttt ttattattca gecctgectgte gtgaataccg 7140
tatatctcaa cgctgtctgt gagattgtcg tattctagec tttttagttt ttecgctcatce 7200
gacttgatat tgtccgacac attttcgtcg atttgegttt tgatcaaaga cttgagcaga 7260
gacacgttaa tcaactgttc aaattgatcc atattaacga tatcaacccg atgcgtatat 7320
ggtgcgtaaa atatattttt taaccctectt atactttgca ctectgcgtta atacgcgttce 7380
gtgtacagac gtaatcatgt tttectttttt ggataaaact cctactgagt ttgacctcat 7440
attagaccct cacaagttgc aaaacgtggc attttttacc aatgaagaat ttaaagttat 7500
tttaaaaaat ttcatcacag atttaaagaa gaaccaaaaa ttaaattatt tcaacagttt 7560
aatcgaccag ttaatcaacg tgtacacaga cgcgtcggca aaaaacacgce agcccgacgt 7620
gttggctaaa attattaaat caacttgtgt tatagtcacg gatttgccgt ccaacgtgtt 7680
cctcaaaaag ttgaagacca acaagtttac ggacactatt aattatttga ttttgcccca 7740
cttcattttg tgggatcaca attttgttat attttaaaca aagcttggca ctggccgtcg 7800
ttttacaacg tcgtgactgg gaaaaccctg gcgttaccca acttaatcge cttgcagcac 7860
atcccecttt cgccagctgg cgtaatagcg aagaggccecg caccgatcge ccttceccaac 7920
agttgcgcag cctgaatggce gaatggcgcce tgatgcggta ttttcectcectt acgcatcectgt 7980
gcggtattte acaccgcata tggtgcactc tcagtacaat ctgctctgat gccgcatagt 8040
taagccagee ccgacacccg ccaacacceg ctgacgegece ctgacggget tgtcetgetcee 8100
cggcatccge ttacagacaa gctgtgaccg tctecgggag ctgcatgtgt cagaggtttt 8160
caccgtcecatc accgaaacgc gcgagacgaa agggcctegt gatacgcecta tttttatagg 8220
ttaatgtcat gataataatg gtttcttaga cgtcaggtgg cacttttcgg ggaaatgtgce 8280
gcggaaccece tatttgttta tttttctaaa tacattcaaa tatgtatccg ctcatgagac 8340
aataaccctg ataaatgctt caataatatt gaaaaaggaa gagtatgagt attcaacatt 8400
tcegtgtege ccecttattece ttttttgegg cattttgect tectgttttt getcacccag 8460
aaacgctggt gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg ggttacatcg 8520
aactggatct caacagcggt aagatccttg agagttttecg ccccgaagaa cgttttcecaa 8580
tgatgagcac ttttaaagtt ctgctatgtg gcgcggtatt atcccgtatt gacgccgggce 8640
aagagcaact cggtcgccgce atacactatt ctcagaatga cttggttgag tactcaccag 8700
tcacagaaaa gcatcttacg gatggcatga cagtaagaga attatgcagt gctgccataa 8760
ccatgagtga taacactgcg gccaacttac ttctgacaac gatcggagga ccgaaggagc 8820
taaccgcettt tttgcacaac atgggggatc atgtaactcg ccttgatcgt tgggaaccgg 8880
agctgaatga agccatacca aacgacgagce gtgacaccac gatgectgta gcaatggcaa 8940

caacgttgcg caaactatta actggcgaac tacttactct agcttcccgg caacaattaa 9000
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tagactggat ggaggcggat aaagttgcag gaccacttct gecgctcecggece cttecggetg 9060
gctggtttat tgctgataaa tctggageccg gtgagegtgg gtectcecgeggt atcattgcag 9120
cactggggcce agatggtaag ccctcccgta tcecgtagttat ctacacgacg gggagtcagg 9180
caactatgga tgaacgaaat agacagatcg ctgagatagg tgcctcactg attaagcatt 9240
ggtaactgtc agaccaagtt tactcatata tactttagat tgatttaaaa cttcattttt 9300
aatttaaaag gatctaggtg aagatccttt ttgataatct catgaccaaa atcccttaac 9360
gtgagttttc gttccactga gcgtcagacce ccgtagaaaa gatcaaagga tcttcttgag 9420
atcctttttt tectgcgcgta atctgctgct tgcaaacaaa aaaaccaccg ctaccagegg 9480
tggtttgttt gccggatcaa gagctaccaa ctcectttttece gaaggtaact ggcttcagca 9540
gagcgcagat accaaatact gtceccttctag tgtageccgta gttaggccac cacttcaaga 9600
actctgtage accgcctaca tacctcegcte tgctaatcect gttaccagtg getgetgeca 9660
gtggcgataa gtcgtgtctt accgggttgg actcaagacyg atagttaccg gataaggcgce 9720
agcggteggg ctgaacgggg ggttcegtgea cacagcccag cttggagega acgacctaca 9780
ccgaactgag atacctacag cgtgagcatt gagaaagcge cacgcttcecce gaagggagaa 9840
aggcggacag gtatccggta agcggcaggg tcggaacagg agagcgcacyg agggagette 9900
cagggggaaa cgcctggtat ctttatagtce ctgtcgggtt tecgccaccte tgacttgagce 9960
gtcgattttt gtgatgctcg tcaggggggce ggagcectatg gaaaaacgcce agcaacgcgg 10020
cctttttacg gttectggee ttttgetgge cttttgctca catgttcettt cctgegttat 10080
ccectgatte tgtggataac cgtattaccg cctttgagtg agctgatacc getcgecgceca 10140
gccgaacgac cgagcgcagce gagtcagtga gcgaggaagce ggaagagcgce ccaatacgca 10200
aaccgectet cecccgegegt tggccgatte attaatgcag ctggcacgac aggtttcceg 10260
actggaaagc gggcagtgag cgcaacgcaa ttaatgtgag ttagctcact cattaggcac 10320
cccaggcettt acactttatg cttceccecggcete gtatgttgtg tggaattgtg agcggataac 10380
aatttcacac aggaaacagc tatgaccatg attacgaatt tcgacctgca ggcatgcaag 10440
cttgcatgcce tgcaggtcga cgctcegegeg acttggtttg ccattecttta gegegegteg 10500
cgtcacacag cttggccaca at 10522
<210> SEQ ID NO 22
<211> LENGTH: 11867
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLAl1188
<400> SEQUENCE: 22
gtggtttttyg tcaaacgaag attctatgac gtgtttaaag tttaggtcga gtaaagcgca 60
aatctttttt aaccctagaa agatagtctg cgtaaaattyg acgcatgcat tcttgaaata 120
ttgctetete tttctaaata gcgcgaatce gtegetgtge atttaggaca tctcagtcege 180
cgettggage tccegtgagg cgtgcttgte aatgeggtaa gtgtcactga ttttgaacta 240
taacgaccge gtgagtcaaa atgacgcatg attatctttt acgtgacttt taagatttaa 300
ctcatacgat aattatattg ttatttcatg ttctacttac gtgataactt attatatata 360
tattttettg ttatagatat cgtgactaat atataataaa atgggtagtt ctttagacga 420
tgagcatatc ctctetgete ttectgcaaag cgatgacgag cttgttggtyg aggattctga 480
cagtgaaata tcagatcacg taagtgaaga tgacgtccag agcgatacag aagaagcgtt 540
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tatagatgag gtacatgaag tgcagccaac gtcaagcggt agtgaaatat tagacgaaca 600
aaatgttatt gaacaaccag gttcttcatt ggcttctaac agaatcttga ccttgcecaca 660
gaggactatt agaggtaaga ataaacattg ttggtcaact tcaaagtcca cgaggcgtag 720
ccgagtetet gcactgaaca ttgtcagatce ggeccgggeg cegtttttet tgaaatattg 780
ctetetettt ctaaatagceg cgaatcegte getgtgcatt taggacatct cagtegecge 840
ttggagctee caaacgcgcece agtggtagta cacagtactyg tgggtgttca gtttgaaatce 900
ctecttgette tccattgtet cggttacctt tggtcaaatc catgggttct attgectata 960

tactcttgeg attaccagtyg attgcgctat tagctattag atggattgtt ggccaaactt 1020
gtcgcttaag tggctgggaa ttgtaaccgt aggcccgagt gtaatgatcce cccataaaaa 1080
gttttcgcaa tgcctttatt ttttgttgca aatctctctt tattctgegg tattcttceat 1140
tattgcgggg atggggaaag tgtttatata gaagcaactt acgattgaac ccaaatgcac 1200
ctgacaagca aggtcaaagg gccagatttt taaatatatt atttagtctt aggactctct 1260
atttgcaatt aaattacttt gctacctgag ggttaaatct tccccattga taataataat 1320
tccactatat gttcaattgg gtttcaccge gcttagttac atgacgagcce ctaatgagcece 1380
gtcggtggte tataaactgt gccttacaaa tacttgcaac tettctegtt ttgaagtcag 1440
cagagttatt gctaattgct aattgctaat tgcttttaac tgatttcttce gaaattggtg 1500
ctatgtttat ggcgctatta acaagtatga atgtcaggtt taaccagggg atgcttaatt 1560
gtgttctcaa cttcaaaggc agaaatgttt actcttgacc atgggtttag gtataatgtt 1620
atcaagctcce tcgagttaac gttacgttaa cgttaacgtt cgaggtcgac tctagaacta 1680
cccaccgtac tecgtcaattce caagggcatc ggtaaacatc tgctcaaact cgaagtcggce 1740
catatccaga gcgceegtagg gggcggagte gtggggggta aatcccggac ccggggaatce 1800
ccegteccee aacatgtceca gatcgaaatce gtctagegeg tecggcatgeg ccatcgccac 1860
gtcectegeeg tcectaagtgga gctegtecce caggctgaca teggtcegggg gggcecgtcega 1920
cagtctgege gtgtgtecceg cggggagaaa ggacaggcege ggagecgeca gcccecgecte 1980
ttecgggggeg tegtegtecyg ggagatcgag caggcccteg atggtagacce cgtaattgtt 2040
tttegtacge gegecggctgt acgcggggcee cgagcccgac tcgcatttca gttgetttte 2100
caatccgcag ataatcagct ccaagccgaa caggaatgcc ggctcggcte cttgatgatce 2160
gaacagctecg attgcctgac gcagcagtgg gggcatcgaa tceggttgttg gggtcectegeg 2220
ctecctetttt gegacttgat getcecttggte ctecagcacg cagcccaggg taaagtgacce 2280
gacggcgcete agagcgtaga gagcattttce caggctgaag ccttgctggce acaggaacgce 2340
gagctggtte tccagtgtct cgtattgett ttcecggtcggg cgcgtgccga gatggacttt 2400
ggcaccgtet cggtgggaca gcagagcgca gcggaacgac ttggegttat tgcggaggaa 2460
gtcetgeccag gactcegectt ccaacgggca aaaatgcgtg tggtggcggt cgagcatctce 2520
gatggccagg gcatccagca gcgceccgett attcttcacce tatagatacc atagatgtat 2580
ggattagtat catatacata caaaggctat ttttgggaca tattaatatt aacaatttcc 2640
gtgatagttt tcaccatttt tgttgaatgt tacgttgaaa atttaaattt gttttaaatt 2700
aattttacca gtcatgtgtt cttaaaagtt tttatgattg aaacggcata aagtggttca 2760
aaaatttatc aagaaaggct ttcctttttt aaatcttatc tttttctctt aaaaatcact 2820

agtcaattca ttattaattt gttaacttga atttggaatg tctatttact ttcagataaa 2880
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ttaaagcaag aaacttaata ttcgaaaaaa attgattcta aatggaattt cacttgatct 2940
tcatgtatgc atatcaattt ttatttacat tgtataataa gtttcgagtt gattgttgta 3000
atccacaggt gtcccagaga attaaattcc aaattaccca agtttattga atgttgattg 3060
tagtttcagt tgctttgttg ctgcaacaat ggcttgttga ttgtagatat tttcccttte 3120
cttggtttac ttattacata gactgaaaaa gaggtttact tttttgatac ttatgaaaaa 3180
tttctattag tgattactaa ccaatcgcta tatgtttact agaaaacaaa taaactcttt 3240
acattaacat tcaataatgt ttgctctgta accgacaatt gaaggcgtta cagcaacagt 3300
aatataacta gcttcttaac cctcatctat taaccccatc gtttaaaaca ctatgttaaa 3360
tggtctaaca aatctagata ctaatagatg tcttattact tagcagccac agctgcaaca 3420
tccaagacaa tttttgaaac ttcttattga gctcecttggca gcagaaatgt tggtattttt 3480
cacagctttc tgaaagaccg gcaccttcecct ccggtteccg tttcectgaatt caagaggatt 3540
tcecgaccccece aattaatccc gaaacaaata aggtatattc aaaatgatgg aaaagtcatg 3600
gctgectgace ttatttttat tcctattgat agaatattat tcecccctttta aatacactgt 3660
actaagaggt ccggctataa ttttactcac ttgtcgatta tcccatagaa tgttgattgt 3720
agttggttgce ttttccaggt gagagttgat caagtcacaa aagttagcgt gtgttgattg 3780
tagatttgaa ggtaaaataa tttttgcacc cattcatcgg gtaaaacgtt ctccatagaa 3840
tacatttcca tcgataattg ataacttatg aatttcaaag aaaaaaatat gcttttaaaa 3900
ttacgtgcca gtagagggtg ggctgctcca cgcccagett ctgcgceccaac ttgcgggtceg 3960
tcagtccecte aatgccaact tcegttcaaca gctccaacgce ggagttgatg actttggact 4020
tatccaggcg gectgecccatg gtggtttcta aaggtgttat aaatcaaatt agttttgttt 4080
tttcttgaaa actttgcgtt tectttgate aacttaccge cagggtaccg cagattgttt 4140
agcttgttca gectgegettg tttatttgcet tagetttege ttagcgacgt gttcactttg 4200
cttgtttgaa ttgaattgtc gctccgtaga cgaagcgect ctatttatac tecggcegcetce 4260
gttttcgagt ttaccactce ctatcagtga tagagaaaag tgaaagtcga gtttaccact 4320
ccectatcagt gatagagaaa agtgaaagtc gagtttacca ctccectatca gtgatagaga 4380
aaagtgaaag tcgagtttac cactccctat cagtgataga gaaaagtgaa agtcgagttt 4440
accactccct atcagtgata gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga 4500
tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa agtgaaagtc 4560
gaaacctgge gcegecccgge catcgagaaa gagagagaga agagaagaga gagaacattce 4620
gagaaagaga gagagaagag aagagagaga acatactccc tatcagtgat agagaagtcc 4680
ctatcagtga tagagatgtc cctatcagtg atagagagtt ccctatcagt gatagagacg 4740
tcectatcag tgatagagaa gtccctatca gtgatagaga gatccctatce agtgatagag 4800
atttcecctat cagtgataga gaggtcccta tcagtgatag agacttccct atcagtgata 4860
gagaaatccc tatcagtgat agagacatcc ctatcagtga tagagaactc cctatcagtg 4920
atagagacct ccctatcagt gatagagatc gatgcggcecg catggtacce attgettgte 4980
atttattaat ttggatgatg tcatttgttt ttaaaattga actggcttta cgagtagaat 5040
tctacgcgta aaacacaatc aagtatgagt cataatctga tgtcatgttt tgtacacggc 5100
tcataaccga actggcttta cgagtagaat tctacttgta atgcacgatc agtggatgat 5160
gtcatttgtt tttcaaatcg agatgatgtc atgttttgca cacggctcat aaactcgcett 5220

tacgagtaga attctacgtg taacgcacga tcgattgatg agtcatttgt tttgcaatat 5280
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gatatcatac aatatgactc atttgttttt caaaaccgaa cttgatttac gggtagaatt 5340
ctacttgtaa agcacaatca aaaagatgat gtcatttgtt tttcaaaact gaactcgcectt 5400
tacgagtaga attctacgtg taaaacacaa tcaagaaatg atgtcatttg ttataaaaat 5460
aaaagctgat gtcatgtttt gcacatggct cataactaaa ctcgctttac gggtagaatt 5520
ctacgcgtaa aacatgattg ataattaaat aattcatttg caagctatac gttaaatcaa 5580
acggacgctc gaggttgcac aacactatta tcgatttgca gttcgggaca taaatgttta 5640
aatatatcga tgtctttgtg atgcgcgcga catttttgta ggttattgat aaaatgaacg 5700
gatacgttgc ccgacattat cattaaatcc ttggcgtaga atttgtcggg tccattgtcece 5760
gtgtgcgeta gcatgcccecgt aacggacctce gtacttttgg cttcaaaggt tttgcgcaca 5820
gacaaaatgt gccacacttg cagctctgca tgtgtgcgeg ttaccacaaa tcccaacggce 5880
gcagtgtact tgttgtatgc aaataaatct cgataaaggc gcggcgcgcg aatgcagcetg 5940
atcacgtacg ctcctcegtgt tecgttcaag gacggtgtta tcgacctcag attaatgttt 6000
atcggecgac tgttttcecgta tcecgctcace aaacgcgttt ttgcattaac attgtatgtce 6060
ggcggatgtt ctatatctaa tttgaataaa taaacgataa ccgcgttggt tttagagggce 6120
ataataaaag aaatattgtt atcgtgttcg ccattagggc agtataaatt gacgttcatg 6180
ttggatattg tttcagttgc aagttgacac tggcggcgac aagcaattct aattggggta 6240
agttttecceg ttettttetg ggttettcecce ttttgctcecat cecttgectgca ctaccttcag 6300
gtgcaagttyg agattcaggce caccatggga gatcccaccce cacccaagaa gaagcgcaaa 6360
ccggtegeca ccatggecte cteccgagaac gtcatcaccg agttcatgeg cttcaaggtg 6420
cgcatggagg gcaccgtgaa cggccacgag ttcgagateg agggcgaggyg cgagggecge 6480
ccctacgagg gccacaacac cgtgaagetg aaggtgacca agggcggecce cctgecctte 6540
gcctgggaca tectgtceccce ccagttecag tacggctcca aggtgtacgt gaagcacccce 6600
gccgacatee ccgactacaa gaagctgtcece ttceccccgagg gcettcaagtg ggagegegtyg 6660
atgaacttceg aggacggcegg cgtggegacce gtgacccagyg actcectcect gcaggacgge 6720
tgcttcatct acaaggtgaa gttcatcgge gtgaacttcce cctcecgacgg ccccgtgatg 6780
cagaagaaga ccatgggctg ggaggcectece accgagcegece tgtacccceceyg cgacggegtyg 6840
ctgaagggeg agacccacaa ggccctgaag ctgaaggacyg gceggccacta cctggtggag 6900
ttcaagtcca tctacatggce caagaagccce gtgcagetge ccggctacta ctacgtggac 6960
gccaagetygyg acatcaccte ccacaacgag gactacacca tcgtggagca gtacgagege 7020
accgagggcece gccaccacct gttcectgaga tcetcgaccca agaaaaagceyg gaaggtggag 7080
gacccgtaag atccaccgga tctagataac tgatcataat cagccatacc acatttgtag 7140
aggttttact tgctttaaaa aacctcccac acctccecect gaacctgaaa cataaaatga 7200
atgcaattgt tgttgttaac ttgtttattg cagcttataa tggttacaaa taaagcaata 7260
gcatcacaaa tttcacaaat aaagcatttt tttcactgca ttctagttgt ggtttgtcca 7320
aactcatcaa tgtatcttaa cgcgagttaa ttaaggccgce tcatttaaat ctggccggcece 7380
gcaaccattyg tgggaaccgt gcgatcaaac aaacgcgaga taccggaagt actgaaaaac 7440
agtcgctecca ggccagtggg aacatcgatg ttttgttttg acggacccect tactctegte 7500
tcatataaac cgaagccagc taagatggta tacttattat catcttgtga tgaggatgct 7560

tctatcaacg aaagtaccgg taaaccgcaa atggttatgt attataatca aactaaaggc 7620
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ggagtggaca cgctagacca aatgtgttct gtgatgacct gcagtaggaa gacgaatagg 7680
tggcctatgg cattattgta cggaatgata aacattgcect gcataaattc ttttattata 7740
tacagccata atgtcagtag caagggagaa aaggtccaaa gtcgcaaaaa atttatgaga 7800
aacctttaca tgagcctgac gtcatcgttt atgcgtaage gtttagaagce tectactttg 7860
aagagatatt tgcgcgataa tatctctaat attttgccaa atgaagtgcc tggtacatca 7920
gatgacagta ctgaagagcc agtaatgaaa aaacgtactt actgtactta ctgcccctcet 7980
aaaataaggc gaaaggcaaa tgcatcgtgc aaaaaatgca aaaaagttat ttgtcgagag 8040
cataatattg atatgtgcca aagttgtttc tgactgacta ataagtataa tttgtttcta 8100
ttatgtataa gttaagctaa ttacttattt tataatacaa catgactgtt tttaaagtac 8160
aaaataagtt tatttttgta aaagagagaa tgtttaaaag ttttgttact ttatagaaga 8220
aattttgagt ttttgttttt ttttaataaa taaataaaca taaataaatt gtttgttgaa 8280
tttattatta gtatgtaagt gtaaatataa taaaacttaa tatctattca aattaataaa 8340
taaacctcga tatacagacc gataaaacac atgcgtcaat tttacgcatg attatcttta 8400
acgtacgtca caatatgatt atctttctag ggttaaataa tagtttctaa tttttttatt 8460
attcagcctg ctgtcgtgaa taccgtatat ctcaacgcetg tctgtgagat tgtcgtatte 8520
tagccttttt agtttttege tcatcgactt gatattgtcce gacacatttt cgtcgatttg 8580
cgttttgatc aaagacttga gcagagacac gttaatcaac tgttcaaatt gatccatatt 8640
aacgatatca acccgatgcg tatatggtgc gtaaaatata ttttttaacc ctcttatact 8700
ttgcactctg cgttaatacg cgttcgtgta cagacgtaat catgttttet tttttggata 8760
aaactcctac tgagtttgac ctcatattag accctcacaa gttgcaaaac gtggcatttt 8820
ttaccaatga agaatttaaa gttattttaa aaaatttcat cacagattta aagaagaacc 8880
aaaaattaaa ttatttcaac agtttaatcg accagttaat caacgtgtac acagacgcgt 8940
cggcaaaaaa cacgcagccc gacgtgttgg ctaaaattat taaatcaact tgtgttatag 9000
tcacggattt gccgtccaac gtgttcectca aaaagttgaa gaccaacaag tttacggaca 9060
ctattaatta tttgattttg ccccacttca ttttgtggga tcacaatttt gttatatttt 9120
aaacaaagct tggcactggc cgtcgtttta caacgtcecgtg actgggaaaa ccctggcgtt 9180
acccaactta atcgccttge agcacatcce cctttegeca getggcgtaa tagcgaagag 9240
gccegcaceg atcgecctte ccaacagttg cgcagectga atggcgaatg gcgectgatg 9300
cggtattttc teccttacgca tcetgtgeggt atttcacacc gcatatggtg cactctcagt 9360
acaatctgcet ctgatgeccge atagttaage cagccccgac acccgccaac acccgetgac 9420
gcgeectgac gggcettgtcet gcteccggeca tceccgecttaca gacaagctgt gaccgtcetece 9480
gggagctgca tgtgtcagag gttttcaccg tcatcaccga aacgcgcgag acgaaagggce 9540
ctcgtgatac gectattttt ataggttaat gtcatgataa taatggtttc ttagacgtca 9600
ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt ctaaatacat 9660
tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata atattgaaaa 9720
aggaagagta tgagtattca acatttccgt gtcgccctta ttccecttttt tgcggcattt 9780
tgccttectg tttttgcteca cccagaaacyg ctggtgaaag taaaagatgce tgaagatcag 9840
ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat ccttgagagt 9900
tttcgeecceg aagaacgttt tceccaatgatg agcactttta aagttctget atgtggecgeg 9960

gtattatccc gtattgacge cgggcaagag caactcggtce gccgcataca ctattctcag 10020
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aatgacttgg

agagaattat

acaacgatcg

actcgecttyg

accacgatge

actctagett

cttetgeget

cgtgggtete

gttatctaca

ataggtgect

tagattgatt

aatctcatga

gaaaagatca

acaaaaaaac

tttccgaagy

cegtagttag

atcctgttac

agacgatagt

cccagettygyg

agcgccacge

acaggagagc

gggtttegee

ctatggaaaa

gctcacatgt

gagtgagetg

gaagcggaag

tgcagetgge

gtgagttage

ttgtgtggaa

gaatttcgac

gtttgccatt

ttgagtactc

gcagtgctge

gaggaccgaa

atcgttggga

ctgtagcaat

cccggcaaca

cggeccttec

geggtatcat

c¢gacggggag

cactgattaa

taaaacttca

ccaaaatccce

aaggatctte

caccgetace

taactggett

gccaccactt

cagtggetge

taccggataa

agcgaacgac

ttcecegaagy

gcacgaggga

acctctgact

acgccagcaa

tetttectge

ataccgeteg

agcgcccaat

acgacaggtt

tcactcatta

ttgtgagcgg

ctgcaggcat

ctttagegeg

<210> SEQ ID NO 23
<211> LENGTH: 10786

<212> TYPE

: DNA

accagtcaca

cataaccatg

ggagctaace

accggagetyg

ggcaacaacg

attaatagac

ggctggetgg

tgcagcactyg

tcaggcaact

gecattggtaa

tttttaattt

ttaacgtgag

ttgagatcct

agcggtggtte

cagcagagcg

caagaactct

tgccagtgge

dgcgceagegy

ctacaccgaa

dagaaaggcyg

gettecaggy

tgagcgtega

cgeggecttt

gttatccect

cecgcagecga

acgcaaaccyg

tccegactygyg

ggcaccccag

ataacaattt

gcaagcettge

cgtegegtea

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pLA670

<400> SEQUENCE: 23

gaaaagcatc ttacggatgg

agtgataaca ctgcggccaa

gettttttge acaacatggg

aatgaagcca taccaaacga

ttgcgcaaac tattaactgg

tggatggagyg cggataaagt

tttattgctyg ataaatctgyg

gggccagatyg gtaagcccte

atggatgaac gaaatagaca

ctgtcagacc aagtttactce

aaaaggatct aggtgaagat

ttttegttee actgagegte

ttttttetge gegtaatctg

tgtttgcegyg atcaagaget

cagataccaa atactgtcct

gtagcacege ctacatacct

gataagtegt gtcttaccgg

tcgggctgaa cggggggttc

ctgagatacc tacagcgtga

gacaggtatc cggtaagcegg

ggaaacgcect ggtatcttta

tttttgtgat gctecgtcagy

ttacggttce tggecttttyg

gattctgtgg ataaccgtat

acgaccgage gcagcgagte

ccteteceeyg cgegttggec

aaagcgggca gtgagcgcaa

getttacact ttatgettee

cacacaggaa acagctatga

atgcctgcag gtcgacgete

cacagcttgg ccacaat

catgacagta

cttacttetg

ggatcatgta

cgagcgtgac

cgaactactt

tgcaggacca

agccggtgag

ccgtategta

gatcgetgag

atatatactt

cctttttgat

agaccccgta

ctgcttgeaa

accaactctt

tctagtgtag

cgctetgeta

gttggactca

gtgcacacag

gcattgagaa

cagggtcgga

tagtcctgte

dgggceggage

ctggectttt

taccgecttt

agtgagcgag

gattcattaa

cgcaattaat

ggctegtatg

ccatgattac

gegegacttyg

ggcegetcat ttaaatctgg ceggcecgcaa ccattgtggg aaccgtgcega tcaaacaaac

gecgagatace ggaagtactg aaaaacagtc gctccaggece agtgggaaca tcgatgtttt

gttttgacgg accccttact ctegtctcat ataaaccgaa gccagctaag atggtatact

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11867

60

120

180
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tattatcatc ttgtgatgag gatgcttcta tcaacgaaag taccggtaaa ccgcaaatgg 240
ttatgtatta taatcaaact aaaggcggag tggacacgct agaccaaatyg tgttctgtga 300
tgacctgcag taggaagacg aataggtggce ctatggcatt attgtacgga atgataaaca 360
ttgcctgcat aaattctttt attatataca gecataatgt cagtagcaag ggagaaaagg 420
tccaaagteg caaaaaattt atgagaaacc tttacatgag cctgacgtca tcgtttatge 480
gtaagcgttt agaagctcct actttgaaga gatatttgceg cgataatatc tctaatattt 540
tgccaaatga agtgcctggt acatcagatg acagtactga agagccagta atgaaaaaac 600
gtacttactyg tacttactgc ccctctaaaa taaggcgaaa ggcaaatgca tcgtgcaaaa 660
aatgcaaaaa agttatttgt cgagagcata atattgatat gtgccaaagt tgtttctgac 720
tgactaataa gtataatttg tttctattat gtataagtta agctaattac ttattttata 780
atacaacatg actgttttta aagtacaaaa taagtttatt tttgtaaaag agagaatgtt 840
taaaagtttt gttactttat agaagaaatt ttgagttttt gttttttttt aataaataaa 900
taaacataaa taaattgttt gttgaattta ttattagtat gtaagtgtaa atataataaa 960
acttaatatc tattcaaatt aataaataaa cctcgatata cagaccgata aaacacatgc 1020

gtcaatttta cgcatgatta tctttaacgt acgtcacaat atgattatct ttctagggtt 1080
aaataatagt ttctaatttt tttattattc agcctgctgt cgtgaatacc gtatatctca 1140
acgctgtetg tgagattgtce gtattctage ctttttagtt tttcecgcectcat cgacttgata 1200
ttgtccgaca cattttcecgte gatttgegtt ttgatcaaag acttgagcag agacacgtta 1260
atcaactgtt caaattgatc catattaacg atatcaaccc gatgcgtata tggtgcgtaa 1320
aatatatttt ttaaccctct tatactttgce actctgegtt aatacgcgtt cgtgtacaga 1380
cgtaatcatg ttttcttttt tggataaaac tcctactgag tttgacctca tattagaccce 1440
tcacaagttg caaaacgtgg cattttttac caatgaagaa tttaaagtta ttttaaaaaa 1500
tttcatcaca gatttaaaga agaaccaaaa attaaattat ttcaacagtt taatcgacca 1560
gttaatcaac gtgtacacag acgcgtcggce aaaaaacacg cagcccgacg tgttggctaa 1620
aattattaaa tcaacttgtg ttatagtcac ggatttgccg tccaacgtgt tectcaaaaa 1680
gttgaagacc aacaagttta cggacactat taattatttg attttgcccc acttcatttt 1740
gtgggatcac aattttgtta tattttaaac aaagcttggc actggccgtc gttttacaac 1800
gtcgtgactyg ggaaaaccct ggegttaccce aacttaatcg ccttgcagca catcccectt 1860
tcgecagetyg gegtaatage gaagaggecce geaccgateg cectteccaa cagttgegea 1920
gcctgaatgg cgaatggcge ctgatgeggt attttectcecet tacgcatctg tgcggtattt 1980
cacaccgcat atggtgcact ctcagtacaa tctgctctga tgccgcatag ttaagccagce 2040
ccegacaccee gccaacacce getgacgege cctgacggge ttgtetgete cceggeatccg 2100
cttacagaca agctgtgacc gtctccggga gctgcatgtg tcagaggttt tcaccgtcat 2160
caccgaaacg cgcgagacga aagggcctcecg tgatacgect atttttatag gttaatgtca 2220
tgataataat ggtttcttag acgtcaggtg gcacttttcg gggaaatgtg cgcggaaccce 2280
ctatttgttt atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct 2340
gataaatgct tcaataatat tgaaaaagga agagtatgag tattcaacat ttcecgtgtceg 2400
ccettattee cttttttgeg gecattttgcee ttectgtttt tgctcaccca gaaacgctgg 2460
tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc 2520

tcaacagcgg taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca 2580
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cttttaaagt tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac 2640
tcggtegecg catacactat tcectcagaatg acttggttga gtactcacca gtcacagaaa 2700
agcatcttac ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg 2760
ataacactgc ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgcett 2820
ttttgcacaa catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg 2880
aagccatacce aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttge 2940
gcaaactatt aactggcgaa ctacttactc tagcttcceg gcaacaatta atagactgga 3000
tggaggcgga taaagttgca ggaccacttc tgcgctegge ccttecegget ggctggttta 3060
ttgctgataa atctggagcc ggtgagcegtg ggtcectcecgegg tatcattgca gcactggggce 3120
cagatggtaa gccctccecegt atcgtagtta tctacacgac ggggagtcag gcaactatgg 3180
atgaacgaaa tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt 3240
cagaccaagt ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa 3300
ggatctaggt gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt 3360
cgttccactg agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt 3420
ttectgcgegt aatctgctge ttgcaaacaa aaaaaccacc gctaccageg gtggtttgtt 3480
tgccggatca agagctacca actcttttte cgaaggtaac tggcttcage agagcgcaga 3540
taccaaatac tgtccttcta gtgtageccgt agttaggcca ccacttcaag aactctgtag 3600
caccgcectac atacctcget ctgctaatce tgttaccagt ggctgectgece agtggcgata 3660
agtcgtgtcet taccgggttyg gactcaagac gatagttacc ggataaggcg cagcggtcegg 3720
gctgaacggyg gggttegtge acacagccca gettggageg aacgacctac accgaactga 3780
gatacctaca gcgtgagcat tgagaaagcg ccacgcttee cgaagggaga aaggcggaca 3840
ggtatceggt aagcggcagg gtcggaacag gagagcgcac gagggagett ccagggggaa 3900
acgcctggta tectttatagt cctgtcegggt ttegccacct ctgacttgag cgtcgatttt 3960
tgtgatgctce gtcagggggyg cggagcctat ggaaaaacgc cagcaacgcg gcectttttac 4020
ggttecctgge cttttgectgg ccttttgete acatgttctt tectgcegtta tcecectgatt 4080
ctgtggataa ccgtattacc gectttgagt gagctgatac cgctcgceccge agccgaacga 4140
ccgagegeag cgagtcagtg agcgaggaag cggaagageg cccaatacge aaaccgecte 4200
tcecegegeg ttggecgatt cattaatgca gctggcacga caggtttcce gactggaaag 4260
cgggcagtga gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggcett 4320
tacactttat gcttccgget cgtatgttgt gtggaattgt gagcggataa caatttcaca 4380
caggaaacag ctatgaccat gattacgaat ttcgacctgc aggcatgcaa gcttgcatgce 4440
ctgcaggtcg acgctcgege gacttggttt gccattcettt agcecgecgegte gegtcacaca 4500
gcttggeccac aatgtggttt ttgtcaaacg aagattctat gacgtgttta aagtttaggt 4560
cgagtaaagc gcaaatcttt tttaacccta gaaagatagt ctgcgtaaaa ttgacgcatg 4620
cattcttgaa atattgctct ctctttctaa atagcgcgaa teccgtegctg tgcatttagg 4680
acatctcagt cgccgcttgg agectceccecegtg aggcegtgcett gtcaatgcgg taagtgtcac 4740
tgattttgaa ctataacgac cgcgtgagtc aaaatgacgc atgattatct tttacgtgac 4800
ttttaagatt taactcatac gataattata ttgttatttc atgttctact tacgtgataa 4860
cttattatat atatattttc ttgttataga tatcgtgact aatatataat aaaatgggta 4920
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gttctttaga cgatgagcat atcctctetg ctcettectgca aagcgatgac gagettgttyg 4980
gtgaggattc tgacagtgaa atatcagatc acgtaagtga agatgacgtc cagagcgata 5040
cagaagaagc gtttatagat gaggtacatg aagtgcagcc aacgtcaagc ggtagtgaaa 5100
tattagacga acaaaatgtt attgaacaac caggttcttc attggcttct aacagaatct 5160
tgaccttgcce acagaggact attagaggta agaataaaca ttgttggtca acttcaaagt 5220
ccacgaggcg tagccgagte tcectgcactga acattgtcag atcggcccgg gegecgtttt 5280
tcttgaaata ttgctctcecte tttctaaata gcgcgaatcce gtcgetgtge atttaggaca 5340
tctcagtege cgcttggage tceccaaacgce gccagtggta gtacacagta ctgtgggtgt 5400
tcagtttgaa atcctcttge ttectccattg tcteggttac ctttggtcaa atccatgggt 5460
tctattgect atatactcectt gcegattacca gtgattgege tattagctat tagatggatt 5520
gttggccaaa cttgtcgcett aagtggetgg gaattgtaac cgtaggcccg agtgtaatga 5580
tceccccataa aaagtttteg caatgecttt attttttgtt gcaaatctet ctttattcetg 5640
cggtattctt cattattgcg gggatgggga aagtgtttat atagaagcaa cttacgattg 5700
aacccaaatg cacctgacaa gcaaggtcaa agggccagat ttttaaatat attatttagt 5760
cttaggactc tctatttgca attaaattac tttgctacct gagggttaaa tcecttccccat 5820
tgataataat aattccacta tatgttcaat tgggtttcac cgcgcttagt tacatgacga 5880
gccctaatga gecgteggtg gtctataaac tgtgccttac aaatacttgc aactcttcetce 5940
gttttgaagt cagcagagtt attgctaatt gctaattgct aattgctttt aactgatttce 6000
ttcgaaattg gtgctatgtt tatggcgcta ttaacaagta tgaatgtcag gtttaaccag 6060
gggatgctta attgtgttct caacttcaaa ggcagaaatg tttactcttg accatgggtt 6120
taggtataat gttatcaagc tcctcgagtt aacgttacgt taacgttaac gttcgaggtce 6180
gactctagaa ctacccaccg tactcgtcaa ttccaagggc atcggtaaac atctgctcaa 6240
actcgaagte ggccatatcce agagcgecgt agggggcegga gtegtggggyg gtaaatcccg 6300
gaccecgggga atccccgtcee cccaacatgt ccagatcgaa atcgtctagce gcgtcecggcat 6360
gcgecatege cacgtecteg ccecgtcectaagt ggagctcecgte cecccaggetg acatcggteg 6420
ggggggcegt cgacagtcetg cgegtgtgte ccgeggggag aaaggacagg cgcggagecyg 6480
ccagccececge ctettegggg gegtegtegt ccgggagatce gagcaggccce tcegatggtag 6540
acccgtaatt gtttttcegta cgecgcecgegge tgtacgeggg geccgagccece gactcgcatt 6600
tcagttgctt ttccaatccg cagataatca gctccaagec gaacaggaat gecggctegg 6660
ctccttgatg atcgaacagce tcgattgcect gacgcagcag tgggggcatce gaatcggttg 6720
ttggggtcte gecgctectet tttgcgactt gatgctettg gtcecctceccage acgcagccca 6780
gggtaaagtg accgacggcg ctcagagcegt agagagcatt ttccaggcectg aagecttget 6840
ggcacaggaa cgcgagctgg ttctceccagtg tcectegtattg ctttteggte gggegegtge 6900
cgagatggac tttggcaccg tctcggtggg acagcagagce gcagcggaac gacttggegt 6960
tattgcggag gaagtcctge caggactcge cttceccaacgg gcaaaaatgce gtgtggtggce 7020
ggtcgagcat ctcgatggce agggcatcca gcagcgcceg cttattcectte acgtgccagt 7080
agagggtggg ctgctccacg cccagcttct gcgeccaactt gegggtcgte agtccctcaa 7140
tgccaacttc gttcaacagc tccaacgcgg agttgatgac tttggactta tccaggcggce 7200
tgcccatggt ggtttctaaa ggtgttataa atcaaattag ttttgttttt tcettgaaaac 7260

tttgcgttte ctttgatcaa cttaccgcca gggtaccgca gattgtttag cttgttcagce 7320
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tgcgettgtt tatttgctta getttegett agcgacgtgt tcactttget tgtttgaatt 7380
gaattgtcge tccgtagacg aagcgcectcet atttatacte cggecgctegt tttegagttt 7440
accactccct atcagtgata gagaaaagtg aaagtcgagt ttaccactcc ctatcagtga 7500
tagagaaaag tgaaagtcga gtttaccact ccctatcagt gatagagaaa agtgaaagtc 7560
gagtttacca ctccctatca gtgatagaga aaagtgaaag tcgagtttac cactccctat 7620
cagtgataga gaaaagtgaa agtcgagttt accactccct atcagtgata gagaaaagtg 7680
aaagtcgagt ttaccactcc ctatcagtga tagagaaaag tgaaagtcga aacctggcgce 7740
gcctettaat taactcgegt taagatacat tgatgagttt ggacaaacca caactagaat 7800
gcagtgaaaa aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat 7860
tataagctgc aataaacaag ttaacaacaa caattgcatt cattttatgt ttcaggttca 7920
gggggaggtyg tgggaggttt tttaaagcaa gtaaaacctc tacaaatgtg gtatggctga 7980
ttatgatcag ttatctagat ccggtggatc ttacgggtcc tccaccttee getttttett 8040
gggtcgagat ctcaggaaca ggtggtggcg gecccteggtyg cgctcegtact gctceccacgat 8100
ggtgtagtce tegttgtggg aggtgatgtc cagcttggeg tcecacgtagt agtagcceggg 8160
cagctgcacg ggcttcttgg ccatgtagat ggacttgaac tccaccaggt agtggccgcece 8220
gtcecttcage ttcagggcect tgtgggtete geccttcage acgccgtege gggggtacag 8280
gcgeteggtyg gaggectcece ageccatggt cttcettcectge atcacggggce cgteggaggy 8340
gaagttcacg ccgatgaact tcaccttgta gatgaagcag ccgtcctgca gggaggagtce 8400
ctgggtcacg gtcgccacge cgccgtecte gaagttcatce acgcgctcece acttgaagcece 8460
ctcggggaag gacagcttet tgtagteggg gatgtcggeg gggtgcttca cgtacacctt 8520
ggagccgtac tggaactggg gggacaggat gtcccaggeyg aagggcaggg ggecgccctt 8580
ggtcacctte agecttcacgg tgttgtggecce ctcecgtagggg cggccctege cctegeecte 8640
gatctcgaac tcgtggceccgt tcacggtgece ctceccatgcge accttgaagce gcatgaactce 8700
ggtgatgacg ttctcecggagg aggccatggt ggcgaccggt ttgegcettet tettgggtgg 8760
ggtgggatcc ccgatctgca ttttggatta ttctgegggt caaaatagag atgtggaaaa 8820
ttagtacgaa atcaaatgag tttcgttgaa attacaaaac tattgaaact aacttcctgg 8880
ctggggaata aaaatgggaa acttatttat cgacgccaac tttgttgaga aacccctatt 8940
aaccctctac gaatattgga acaaaggaaa gcgaagaaac aggaacaaag gtagttgaga 9000
aacctgttce gttgctcecgte atcgttttca taatgcgagt gtgtgcatgt atatatacac 9060
agctgaaacg catgcataca cattattttg tgtgtatatg gtgacgtcac aactactaag 9120
caataagaaa ttttccagac gtggctttcg tttcaagcaa cctactctat ttcagctaaa 9180
aataagtgga tttcgttggt aaaatacttc aattaagcaa agaactaact aactaataac 9240
atgcacacaa atgctcgagt gcgttcgtga tttcectcgaat tttcaaatgce gtcactgcega 9300
atttcacaat ttgccaataa atcttggcga aaatcaacac gcaagtttta tttatagatt 9360
tgtttgegtt ttgatgccaa ttgattggga aaacaagatg cgtggctgcc aatttcttat 9420
tttgtaatta cgtagagcgt tgaataaaaa aaaaatggcc gaacaaagac cttgaaatgc 9480
agtttttett gaaattactc aacgtcttgt tgctcttatt actaattggt aacagcgagt 9540
taaaaactta cgtttcttgt gactttcgag aatgttcttt taattgtact ttaatcacca 9600
acaattaagt ataaattttt cgctgattgc gctttacttt ctgcttgtac ttgctgectgce 9660
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aaatgtcaat tggttttgaa ggcgaccgtt cgcgaacgct gtttatatac cttecggtgte 9720
cgttgaaaat cactaaaaaa taccgtagtg ttcgtaacac tttagtacag agaaaaaaaa 9780
ttgtgccgaa atgtttttga tacgtacgaa taccttgtat taaaattttt tatgatttct 9840
gtgtatcact ttttttttgt gtttttcgtt taaactcacc acagtacaaa acaataaaat 9900
atttttaaga caatttcaaa ttgagacctt tctecgtactg acttgaccgg ctgaatgagg 9960
atttctacct agacgaccta cttcttacca tgacattgaa tgcaatgcca cctttgatct 10020
aaacttacaa aagtccaagg cttgttagga ttggtgttta tttagtttgc ttttgaaata 10080
gcactgtett ctctaccgge tataattttg aaactcgcag cttgactgga aatttaaaaa 10140
gtaattctgt gtaggtaaag ggtgttttaa aagtgtgatg tgttgagcgt tgcggcaacg 10200
actgctattt atgtatatat tttcaaaact tattgttttt gaagtgtttt aaatggagct 10260
atctggcaac gctgcgcata atcttacaca agcttttett aatccatttt taagtgaaat 10320
ttgtttttac tctttcggca aataattgtt aaatcgcttt aagtgggctt acatctggat 10380
aagtaatgaa aacctgcata ttataatatt aaaacatata atccactgtg ctttccccgt 10440
gtgtggccat atacctaaaa aagtttattt tcgcagagcec ccgcacggtc acactacggt 10500
tcggcgattt tcgattttgg acagtactga ttgcaagcge accgaaagca aaatggagcet 10560
ggagattttg aacgcgaaga acagcaagcc gtacggcaag gtgaaggtgc cctecggcege 10620
cacgcccate ggcgatctge gegccectaat tcacaagacce ctgaagcaga ccccacacge 10680
gaatcgccag tcgettegte tggaactgaa gggcaaaagce ctgaaagata cggacacatt 10740
ggaatctetg tcgetgegtt ccggcgacaa gatcggggta ccatgce 10786
<210> SEQ ID NO 24

<211> LENGTH: 14720

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: pLAl1038

<400> SEQUENCE: 24

gggctatgge gegecggacg cggcaagtct gegagettat atttacgtgg atctecggtg 60
tgtccatgat tcggcatcat atcataaacg acgaattcca ataaaaactt tgcettgttga 120
taacacctga tgttcagaga tgcccgataa aatcacaget gttetggtte acagtcacca 180
gaaataaaaa atattggaat tgagatgtac acaattaacg atatttataa atatcttceg 240
atagtctatc gtccggttaa tcaaaataaa gtgcgacgaa ttaacatatt ttcaaaatta 300
agacgctttg atagatgtat ttgtatagag atagaaatta aggttaaaat aacataaatg 360
ccaaagttta gagcactatt caataattct cttgatttca aattgaaata atacacaata 420
taacattttc taacactaca aagtcacgat attctteccac caaccgatag tatcgcacac 480
ttgccatteg cctcatcacg cacacgeccg cttcacaatt caaacgaacg gcattttatt 540
ttcacaggat cccgggagte gtgaatgttt tacccaatat cgactttcat tgttaactga 600
ccaaaattgt aatctgttet gttagttgte gagtgeetgt gecgegateg ctatgggeat 660
atgttgccaa actctaaacc aaatactcat tctgatgttt taaatgattt gccctcccat 720
atgtccttee gagtgagaga cacaaaaaat tccaacacac tattgcaatg aaaataaatt 780
tcctttatta gecagaagte agatgctcaa ggggettcat gatgteccca taatttttgg 840
cagagggaaa aagatctcag tggtatttgt gagccaggge attggecaca ccagccacca 900

ccttetgata ggcagectge acctgaggag tgaattettt gecaaaatga tgagacagca 960
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caacaaccag cacgttgccce aggagctgta ggaaagagaa gaaggcatga acatggttag 1020
cagaggggcce cggtttggac tcagagtatt ttatcctcat ctcaaacagt gtatatcatt 1080
gtaaccataa agagaaaggc aggatgatga ccagggtgta gttgtttcta ccaataagaa 1140
tatttccacg ccagccagaa tttatatgca gaaatattct accttatcat ttaattataa 1200
caattgttct ctaaaactgt gctgaagtac aatataatat accctgattg ccttgaaaaa 1260
aaagtgatta gagaaagtac ttacaatctg acaaataaac aaaagtgaat ttaaaaattc 1320
gttacaaatg caagctaaag tttaacgaaa aagttacaga aaatgaaaag aaaataagag 1380
gagacaatgg ttgtcaacag agtagaaagt gaaagaaaca aaattatcat gagggtccat 1440
ggtgatacaa gggacatctt cccattctaa acaacaccct gaaaactttg cccectecat 1500
ataacatgaa ttttacaata gcgaaaaaga aagaacaatc aagggtcccc aaactcaccc 1560
tgaagttctc agctctagac gcegtttcact acccaccgta ctcecgtcaatt ccaagggcat 1620
cggtaaacat ctgctcaaac tcgaagtcgg ccatatccag agcgccgtag ggggcggagt 1680
cgtggggggt aaatcccgga cccggggaat ceccgtecee caacatgtece agatcgaaat 1740
cgtctagege gtcggcatge gecatcgcecca cgtectegece gtctaagtgg agectcegtece 1800
ccaggctgac atcggteggg ggggccgteg acagtcetgeg cgtgtgtece geggggagaa 1860
aggacaggceg cggagcecgece agecccegect ctteggggge gtegtegtece gggagatcga 1920
gcaggcccete gatggtagac ccgtaattgt ttttegtacg cgecgeggetg tacgcggacce 1980
cactttcaca tttaagttgt ttttctaatc cgcatatgat caattcaagg ccgaataaga 2040
aggctggctce tgcaccttgg tgatcaaata attcgatage ttgtcgtaat aatggcggca 2100
tactatcagt agtaggtgtt tccctttctt ctttagcgac ttgatgctcect tgatcttceca 2160
atacgcaacc taaagtaaaa tgccccacag cgctgagtgce atataatgca ttctctagtg 2220
aaaaaccttg ttggcataaa aaggctaatt gattttcgag agtttcatac tgtttttctg 2280
taggccgtgt acctaaatgt acttttgctce catcgcgatg acttagtaaa gcacatctaa 2340
aacttttagc gttattacgt aaaaaatctt gccagctttc cccttctaaa gggcaaaagt 2400
gagtatggtg cctatctaac atctcaatgg ctaaggcgtc gagcaaagcc cgcttatttt 2460
ttacatgcca atacaatgta ggctgctcta cacctagett ctgggcgagt ttacgggttg 2520
ttaaaccttc gattccgacc tcattaagca gctctaatgce gectgttaatce actttacttt 2580
tatctaatct caattccatg gtggcaacct gcaaggcgaa tgaataaaca agattgtggc 2640
gaacagtgta atgcgaagaa cccacctctg ctccaattcec caattcccta ttcagctega 2700
geggggatee cegggtaceg agcetcgaatt cggggecgeg gaggctggat cggtcceggt 2760
gtcttctatg gaggtcaaaa cagcgtggat ggcgtctcca ggcgatctga cggttcacta 2820
aacgagctct gecttatatag gectcccacce gtacacgect acctcgacce gggtaccgag 2880
ctcgactttce acttttctet atcactgata gggagtggta aactcgactt tcacttttcet 2940
ctatcactga tagggagtgg taaactcgac tttcactttt ctctatcact gatagggagt 3000
ggtaaactcg actttcactt ttctctatca ctgataggga gtggtaaact cgactttcac 3060
ttttctetat cactgatagg gagtggtaaa ctcgactttc acttttctet atcactgata 3120
gggagtggta aactcgactt tcacttttct ctatcactga tagggagtgg taaactcgaa 3180
atgtcgacta tgcggaccga gcgccggagt ataaatagag gcgcttcecgte tacggagcga 3240

caattcaatt caaacaagca aagtgaacac gtcgctaage gaaagctaag caaataaaca 3300
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agcgcagctg aacaagctaa acaatctgcg ctagccacca tggttgttat taaacgtaga 3360
tttggtaatt ttaaaagcat atttttttct ttgaaattca taagttatca attatcgatg 3420
gaaatgtatt ctatggagaa cgttttaccc gatgaatggg tgcaaaaatt attttacctt 3480
caaatctaca atcaacacac gctaactttt gtgacttgat caactctcac ctggaaaagc 3540
aaccaactac aatcaacatt ctatgggata atcgacaagt gagtaaaatt atagccggac 3600
ctcttagtac agtgtattta aaaggggaat aatattctat caataggaat aaaaataagg 3660
tcagcagcca tgacttttec atcattttga atatacctta tttgtttcgg gattaattgg 3720
gggtcggaaa tcctcttgaa ttcagaaacg ggaaccggag gaaggtgceccg gtcectttcaga 3780
aagctgtgaa aaataccaac atttctgctg ccaagagctc aataagaagt ttcaaaaatt 3840
gtcttggatg ttgcagectgt ggctgctaag taataagaca tctattagta tctagatttg 3900
ttagaccatt taacatagtg ttttaaacga tggggttaat agatgagggt taagaagcta 3960
gttatattac tgttgctgta acgccttcaa ttgtcggtta cagagcaaac attattgaat 4020
gttaatgtaa agagtttatt tgttttctag taaacatata gcgattggtt agtaatcact 4080
aatagaaatt tttcataagt atcaaaaaag taaacctctt tttcagtcta tgtaataagt 4140
aaaccaagga aagggaaaat atctacaatc aacaagccat tgttgcagca acaaagcaac 4200
tgaaactaca atcaacattc aataaacttg ggtaatttgg aatttaattc tctgggacac 4260
ctgtggatta caacaatcaa ctcgaaactt attatacaat gtaaataaaa attgatatgc 4320
atacatgaag atcaagtgaa attccattta gaatcaattt ttttcgaata ttaagtttct 4380
tgctttaatt tatctgaaag taaatagaca ttccaaattc aagttaacaa attaataatg 4440
aattgactag tgatttttaa gagaaaaaga taagatttaa aaaaggaaag cctttcttga 4500
taaatttttg aaccacttta tgccgtttca atcataaaaa cttttaagaa cacatgactg 4560
gtaaaattaa tttaaaacaa atttaaattt tcaacgtaac attcaacaaa aatggtgaaa 4620
actatcacgg aaattgttaa tattaatatg tcccaaaaat agcctttgta tgtatatgat 4680
actaatccat acatctatgg tatctatagg tgaaggctca aagcctctgg gegctctect 4740
gggectgecee gaaagccaaa cggagcettga taatcttaca gaatacaaca cggcccacaa 4800
tcggcgcecate tcaatgctgg gcatcgatga tgataccaat atgcgaaagce aaaacgcctt 4860
gaaacaggga cggcgcactc gaaatgtcac atttaacgat gaggagattg tcatcaatcc 4920
tgaggatgtg gatcctaatg tgggacgctt caggaacttg gtacaaacca ctgtggtgcce 4980
cgccaagagg gctcegctgeg acgtcaacca ttagtgataa cgcgtctaga gcetgagaact 5040
tcagggtgag tttggggacc cttgattgtt ctttcttttt cgctattgta aaattcatgt 5100
tatatggagg gggcaaagtt ttcagggtgt tgtttagaat gggaagatgt cccttgtatc 5160
accggtgatc ataatcagcc ataccacatt tgtagaggtt ttacttgctt taaaaaacct 5220
cccacaccte cccctgaacce tgaaacataa aatgaatgca attgttgttg ttaacttgtt 5280
tattgcagct tataatggtt acaaataaag caatagcatc acaaatttca caaataaagc 5340
atttttttca ctgcattcta gttgtggttt gtccaaactc atcaatgtat cttaacgcga 5400
gtttaaacgc gtccgcatac gtccgctcac gttaagttec gcagagagaa gttgttgaaa 5460
acataaacag aatcacttgt tgcactcttt gagaaaactg gggctattgc ggaaaaaacc 5520
aactaaaaat attgcaggtt aggggtacta cgctcgattg gcgtacggcce accacttttg 5580
cgacttcact gttaaccgct accttcatag agacttttac ccgataaatg ttatgtagtt 5640

tgactttcte tgttaatcac aagaaaaaat attgtggaaa ttaaaattat ctcaaactca 5700
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ataaggaaat aataatatat acacctatgt tttatagaag tcaacagtaa ataagttatt 5760
tggaaaacca ttgtagccgt ttaaataaat ctceccttgagt gtgttttaaa taacggtcat 5820
taagtatatt acttggccct ctgaatttct tgaattacac cattttttga aataaatcaa 5880
tccaaaagac tactttttgg tggcaaatga actgcataaa aagtaacaaa agaaatatgt 5940
ttttgaaata acagtatagc tgaagtgtat taaaaaatac cgtcatatga gcgacccgct 6000
gttaccgett cgetgcgaat gacaaaacgg gctgagcaag aaaatggegt agaaggcgac 6060
gaaaattcgt ttcactcgtg aagaaaacct cgataactga ggaatacagc tgggatttaa 6120
agagcatatt cgaactacaa gcagagatgt ttcctggtgg aaacggaaac gccgatttgg 6180
gctacaacaa gcatgcccac gtccatggac ttggacaaca tggccatggg cacaaccata 6240
atcacaatca gttcctgecge agcccccace acceccccaca catttttcac tgcecteegg 6300
gggcggtcayg ggcatggtga cgcccatggt agccgecgge ctgccgeteg ccatgcaggyg 6360
tggcgttgge atcgattggce gcagctecgcce cagcaatgga ttaattaact cgcgttaaga 6420
tacattgatg agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt 6480
gaaatttgtg atgctattgc tttatttgta accattataa gctgcaataa acaagttaac 6540
aacaacaatt gcattcattt tatgtttcag gttcaggggg aggtgtggga ggttttttaa 6600
agcaagtaaa acctctacaa atgtggtatg gctgattatg atcagttatc tagatccggt 6660
ggatcttacg ggtcctceccac cttecgettt ttcecttgggte gagatctcag gaacaggtgg 6720
tggcggcecct cggtgcgete gtactgectcee acgatggtgt agtcectcegtt gtgggaggtg 6780
atgtccagcet tggcgtccac gtagtagtag ccgggcagcet gcacgggctt cttggccatg 6840
tagatggact tgaactccac caggtagtgg ccgccgtect tcagecttcag ggccttgtgg 6900
gtetegeecet tcagcacgee gtcegeggggg tacaggeget cggtggagge cteccagecce 6960
atggtcttct tectgcatcac ggggccgtcg gaggggaagt tcacgccgat gaacttcacce 7020
ttgtagatga agcagccgtce ctgcagggag gagtcctggg tcacggtcge cacgcecgecg 7080
tcetcgaagt tcatcacgeg cteccacttg aagecctegg ggaaggacag cttettgtag 7140
tcggggatgt cggcggggtyg cttcacgtac accttggage cgtactggaa ctggggggac 7200
aggatgtccce aggcgaaggg cagggggccg cccttggtca ccecttcagcett cacggtgttg 7260
tggcecctegt aggggcggcece ctegececteg ccectegatet cgaactcegtg gecgttcecacg 7320
gtgceccteca tgcgcacctt gaagcgcatg aactcggtga tgacgttctce ggaggaggcec 7380
atggtggcga ccggtttgeg cttettettg ggtggggtgg gatccccgat ctgcattttg 7440
gattattctyg cgggtcaaaa tagagatgtg gaaaattagt acgaaatcaa atgagtttcg 7500
ttgaaattac aaaactattg aaactaactt cctggctggg gaataaaaat gggaaactta 7560
tttatcgacg ccaactttgt tgagaaaccc ctattaaccc tctacgaata ttggaacaaa 7620
ggaaagcgaa gaaacaggaa caaaggtagt tgagaaacct gttccgttgce tcgtcatcegt 7680
tttcataatg cgagtgtgtg catgtatata tacacagctg aaacgcatgc atacacatta 7740
ttttgtgtgt atatggtgac gtcacaacta ctaagcaata agaaattttc cagacgtggc 7800
tttcgtttca agcaacctac tctatttcag ctaaaaataa gtggatttcg ttggtaaaat 7860
acttcaatta agcaaagaac taactaacta ataacatgca cacaaatgct cgagtgcgtt 7920
cgtgatttct cgaattttca aatgcgtcac tgcgaatttc acaatttgcc aataaatctt 7980
ggcgaaaatc aacacgcaag ttttatttat agatttgttt gcegttttgat gccaattgat 8040
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tgggaaaaca agatgcgtgg ctgccaattt cttattttgt aattacgtag agcgttgaat 8100
aaaaaaaaaa tggccgaaca aagaccttga aatgcagttt ttcttgaaat tactcaacgt 8160
cttgttgctce ttattactaa ttggtaacag cgagttaaaa acttacgttt cttgtgactt 8220
tcgagaatgt tcttttaatt gtactttaat caccaacaat taagtataaa tttttcgetg 8280
attgcgettt actttctget tgtacttgct gctgcaaatg tcaattggtt ttgaaggcga 8340
ccgttegega acgctgttta tataccttceg gtgtccgttg aaaatcacta aaaaataccg 8400
tagtgttcgt aacactttag tacagagaaa aaaaattgtg ccgaaatgtt tttgatacgt 8460
acgaatacct tgtattaaaa ttttttatga tttctgtgta tcactttttt tttgtgtttt 8520
tcgtttaaac tcaccacagt acaaaacaat aaaatatttt taagacaatt tcaaattgag 8580
accttteteg tactgacttg accggctgaa tgaggatttc tacctagacg acctacttcet 8640
taccatgaca ttgaatgcaa tgccaccttt gatctaaact tacaaaagtc caaggcttgt 8700
taggattggt gtttatttag tttgcttttg aaatagcact gtcttctcta ccggctataa 8760
ttttgaaact cgcagcttga ctggaaattt aaaaagtaat tctgtgtagg taaagggtgt 8820
tttaaaagtg tgatgtgttg agcgttgcgg caacgactgc tatttatgta tatattttca 8880
aaacttattg tttttgaagt gttttaaatg gagctatctg gcaacgctgce gcataatctt 8940
acacaagctt ttcttaatcc atttttaagt gaaatttgtt tttactcttt cggcaaataa 9000
ttgttaaatc gctttaagtyg ggcttacatc tggataagta atgaaaacct gcatattata 9060
atattaaaac atataatcca ctgtgctttce ccegtgtgtg geccatatacc taaaaaagtt 9120
tattttecgca gagccccgceca cggtcacact acggttcecgge gattttcgat tttggacagt 9180
actgattgca agcgcaccga aagcaaaatg gagctggaga ttttgaacgce gaagaacagce 9240
aagcegtacyg gcaaggtgaa ggtgccectece ggegecacge ccatcggega tcetgegegece 9300
ctaattcaca agaccctgaa gcagacccca cacgcgaatc geccagtcget tegtctggaa 9360
ctgaagggca aaagcctgaa agatacggac acattggaat ctctgtcget gegttcecggce 9420
gacaagatcg gggtaccatg cggccgctca tttaaatctg gecggcectgg ccgatctgac 9480
aatgttcagt gcagagactc ggctacgcct cgtggacttt gaagttgacc aacaatgttt 9540
attcttacct ctaatagtcc tcectgtggcaa ggtcaagatt ctgttagaag ccaatgaaga 9600
acctggttgt tcaataacat tttgttcgtce taatatttca ctaccgcttg acgttggetg 9660
cacttcatgt acctcatcta taaacgcttc ttectgtatecg ctctggacgt catcttcact 9720
tacgtgatct gatatttcac tgtcagaatc ctcaccaaca agctcgtcat cgctttgcag 9780
aagagcagag aggatatgct catcgtctaa agaactaccc attttattat atattagtca 9840
cgatatctat aacaagaaaa tatatatata ataagttatc acgtaagtag aacatgaaat 9900
aacaatataa ttatcgtatg agttaaatct taaaagtcac gtaaaagata atcatgcgtc 9960
attttgactc acgcggtcgt tatagttcaa aatcagtgac acttaccgca ttgacaagca 10020
cgcctcacgg gagctccaag cggcgactga gatgtcctaa atgcacagceg acggattcge 10080
gctatttaga aagagagagc aatatttcaa gaatgcatgc gtcaatttta cgcagactat 10140
ctttctaggg ttaaaaaaga tttgcgcttt actcgaccta aactttaaac acgtcataga 10200
atcttegttt gacaaaaacc acattgtggc caagctgtgt gacgcgacgce gcgctaaaga 10260
atggcaaacc aagtcgcgceg agcgtcecgacce tgcaggcatg caagcttgca tgcctgcagg 10320
tcgaaattcg taatcatggt catagcetgtt tcctgtgtga aattgttatc cgctcacaat 10380

tccacacaac atacgagccg gaagcataaa gtgtaaagcce tggggtgcct aatgagtgag 10440
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ctaactcaca ttaattgcgt tgcgctcact gccecgcttte cagtcgggaa acctgtegtg 10500
ccagctgcat taatgaatcg gccaacgcgce ggggagaggce ggtttgegta ttgggegecte 10560
ttececgettee tegctcactg actcgetgeg cteggtegtt cggetgegge gagcggtate 10620
agctcactca aaggcggtaa tacggttatc cacagaatca ggggataacg caggaaagaa 10680
catgtgagca aaaggccagc aaaaggccag gaaccgtaaa aaggccgcegt tgctggegtt 10740
tttccatagg ctccgecccee ctgacgagca tcacaaaaat cgacgctcaa gtcagaggtg 10800
gcgaaaccceg acaggactat aaagatacca ggcgtttcec cctggaagcet ccctegtgeg 10860
ctctectgtt ccgaccctge cgcttaccgg atacctgtcece gectttetece cttecgggaag 10920
cgtggegett tcetcaatget cacgetgtag gtatctcagt tcggtgtagg tegttegete 10980
caagctgggce tgtgtgcacg aaccccccegt tcagcecccgac cgctgegect tatccecggtaa 11040
ctatcgtctt gagtccaacc cggtaagaca cgacttatcg ccactggcag cagccactgg 11100
taacaggatt agcagagcga ggtatgtagg cggtgctaca gagttcttga agtggtggcece 11160
taactacggc tacactagaa ggacagtatt tggtatctge gctcectgctga agccagttac 11220
cttcggaaaa agagttggta gcectcttgatce cggcaaacaa accaccgctg gtageggtgg 11280
tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa ggatctcaag aagatccttt 11340
gatcttttet acggggtctg acgctcagtg gaacgaaaac tcacgttaag ggattttggt 11400
catgagatta tcaaaaagga tcttcaccta gatcctttta aattaaaaat gaagttttaa 11460
atcaatctaa agtatatatg agtaaacttg gtctgacagt taccaatgct taatcagtga 11520
ggcacctatc tcagcgatct gtctattteg ttcatccata gttgcecctgac tccececgtegt 11580
gtagataact acgatacggg agggcttacc atctggcccec agtgctgcaa tgataccgeg 11640
agacccacgce tcaccggctce cagatttatc agcaataaac cagccagccg gaagggccga 11700
gcgcagaagt ggtcctgcaa ctttatccge ctccatccag tctattaatt gttgecggga 11760
agctagagta agtagttcgc cagttaatag tttgcgcaac gttgttgcca ttgctacagg 11820
catcgtggtg tcacgctegt cgtttggtat ggcttcatte agctceggtt cccaacgatce 11880
aaggcgagtt acatgatccc ccatgttgtg caaaaaagcg gttagctcct teggtectcece 11940
gatcgttgte agaagtaagt tggccgcagt gttatcactc atggttatgg cagcactgca 12000
taattctctt actgtcatgc catccgtaag atgecttttet gtgactggtg agtactcaac 12060
caagtcattc tgagaatagt gtatgcggcg accgagttge tcecttgeccgg cgtcaatacg 12120
ggataatacc gcgccacata gcagaacttt aaaagtgctc atcattggaa aacgttcttce 12180
ggggcgaaaa ctctcaagga tcttaccget gttgagatcc agttcgatgt aacccactcg 12240
tgcacccaac tgatcttcag catcttttac tttcaccage gtttctgggt gagcaaaaac 12300
aggaaggcaa aatgccgcaa aaaagggaat aagggcgaca cggaaatgtt gaatactcat 12360
actcttectt tttcaatatt attgaagcat ttatcagggt tattgtctca tgagcggata 12420
catatttgaa tgtatttaga aaaataaaca aataggggtt ccgcgcacat ttccceccgaaa 12480
agtgccacct gacgtctaag aaaccattat tatcatgaca ttaacctata aaaataggcg 12540
tatcacgagg ccctttegte tegegegttt cggtgatgac ggtgaaaacc tctgacacat 12600
gcagctceeg gagacggtca cagcecttgtet gtaagcggat gceccgggagca gacaagcececg 12660
tcagggcgeg tcagegggtg ttggegggtg tcecggggetgg cttaactatg cggcatcaga 12720
gcagattgta ctgagagtgc accatatatg cggtgtgaaa taccgcacag atgcgtaagg 12780
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agaaaatacc gcatcaggcg ccattcecgcca ttcaggctge gcaactgttg ggaagggcga 12840
tcggtgeggg cctcetteget attacgccag ctggcgaaag ggggatgtge tgcaaggcga 12900
ttaagttggg taacgccagg gttttcecccag tcacgacgtt gtaaaacgac ggccagtgcece 12960
aagctttgtt taaaatataa caaaattgtg atcccacaaa atgaagtggg gcaaaatcaa 13020
ataattaata gtgtccgtaa acttgttggt cttcaacttt ttgaggaaca cgttggacgg 13080
caaatccgtg actataacac aagttgattt aataatttta gccaacacgt cgggctgcegt 13140
gttttttgee gacgcgtctg tgtacacgtt gattaactgg tcgattaaac tgttgaaata 13200
atttaatttt tggttcttct ttaaatctgt gatgaaattt tttaaaataa ctttaaattc 13260
ttcattggta aaaaatgcca cgttttgcaa cttgtgaggg tctaatatga ggtcaaactc 13320
agtaggagtt ttatccaaaa aagaaaacat gattacgtct gtacacgaac gcgtattaac 13380
gcagagtgca aagtataaga gggttaaaaa atatatttta cgcaccatat acgcatcggg 13440
ttgatatcgt taatatggat caatttgaac agttgattaa cgtgtctctg ctcaagtctt 13500
tgatcaaaac gcaaatcgac gaaaatgtgt cggacaatat caagtcgatg agcgaaaaac 13560
taaaaaggct agaatacgac aatctcacag acagcgttga gatatacggt attcacgaca 13620
gcaggctgaa taataaaaaa attagaaact attatttaac cctagaaaga taatcatatt 13680
gtgacgtacg ttaaagataa tcatgcgtaa aattgacgca tgtgttttat cggtctgtat 13740
atcgaggttt atttattaat ttgaatagat attaagtttt attatattta cacttacata 13800
ctaataataa attcaacaaa caatttattt atgtttattt atttattaaa aaaaaacaaa 13860
aactcaaaat ttcttctata aagtaacaaa acttttaaac attctctctt ttacaaaaat 13920
aaacttattt tgtactttaa aaacagtcat gttgtattat aaaataagta attagcttaa 13980
cttatacata atagaaacaa attatactta ttagtcagtc agaaacaact ttggcacata 14040
tcaatattat gctctcgaca aataactttt ttgcattttt tgcacgatgc atttgecttt 14100
cgccttattt tagaggggca gtaagtacag taagtacgtt ttttcattac tggctecttca 14160
gtactgtcat ctgatgtacc aggcacttca tttggcaaaa tattagagat attatcgcge 14220
aaatatctct tcaaagtagg agcttctaaa cgcttacgca taaacgatga cgtcaggctce 14280
atgtaaaggt ttctcataaa ttttttgcga ctttggacct tttcteccctt gctactgaca 14340
ttatggctgt atataataaa agaatttatg caggcaatgt ttatcattcc gtacaataat 14400
gccataggec acctattcecgt cttectactg caggtcatca cagaacacat ttggtctage 14460
gtgtccactec cgcctttagt ttgattataa tacataacca tttgcggttt accggtactt 14520
tcgttgatag aagcatcctc atcacaagat gataataagt ataccatctt agctggctte 14580
ggtttatatg agacgagagt aaggggtccg tcaaaacaaa acatcgatgt tcccactggce 14640
ctggagcgac tgtttttcag tacttccggt atctcgegtt tgtttgatcg cacggttcce 14700

acaatggttg cggccagccce 14720

<210> SEQ ID NO 25

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 25

catcgatgcce cagcattgag atg 23
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<210> SEQ ID NO 26
<211> LENGTH: 34

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 26

caagcaaagt gaacacgtcg ctaagcgaaa gcta

<210> SEQ ID NO 27
<211> LENGTH: 28

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 27

gecatccacyg ctgttttgac ctccatag

<210> SEQ ID NO 28
<211> LENGTH: 27

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 28

gccaatacaa tgtaggctge tctacac

<210> SEQ ID NO 29
<211> LENGTH: 1005

<212> TYPE:

DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 29

atgtctagat

ggaatcgaag

ttgtattgge

gataggcacc

aataacgcta

ttaggtacac

tgccaacaag

actttaggtt

cctactactg

ggtgcagagc

cttaaatgtg

accatcgagg

geteegegee

accgatgtca

gecgacgege

ggatttacce

gagcagatgt

tagataaaag

gtttaacaac

atgtaaaaaa

atactcactt

aaagttttag

ggcctacaga

gtttttcact

gegtattgga

atagtatgcc

cagecttett

aaagtgggtc

gectgetega

tgtcctttet

gectggggga

tagacgattt

cccacgacte

ttaccgatge

taaagtgatt

ccgtaaacte

taagcgggcet

ttgcccttta

atgtgcttta

aaaacagtat

agagaatgca

agatcaagag

gccattatta

attcggectt

cgcgtacage

tcteceggac

cececegeggga

cgagctecac

cgatctggac

cgcecectac

ccttggaatt

aacagcgcat

gcccagaage

ttgctegacy

gaaggggaaa

ctaagtcatc

gaaactcteg

ttatatgcac

catcaagtcg

cgacaagcta

gaattgatca

cgegegegta

gacgacgcce

cacacgcgca

ttagacggeyg

atgttggggg

ggCgCtCtgg

gacgagtacyg

tagagctget

taggtgtaga

ccttagecat

getggcaaga

gcgatggage

aaaatcaatt

tcagcgetgt

ctaaagaaga

tcgaattatt

tatgcggatt

cgaaaaacaa

ccgaagagge

gactgtcgac

aggacgtggc

acggggattce

atatggccga

gtggg

coding region of tTA from pUHD15-1

taatgaggtc

gcagcctaca

tgagatgtta

ttttttacgt

aaaagtacat

agccttttta

ggggcatttt

aagggaaaca

tgatcaccaa

agaaaaacaa

ttacgggtct

ggggctggeg

ggcececeeg

gatggcgeat

ccegggtecy

cttegagttt

34

28

27

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1005
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Gly Ser Arg

1

Leu

Gln

Lys

His

65

Arg

Gly

Thr

Glu

Cys

145

Thr

Leu

Leu

Ala

Gly

225

Ala

Ser

Asp

Asp

Pro
305

Phe

<210>
<211>
<212>
<213>
<220>

Leu

Lys

Arg

50

Thr

Asn

Ala

Leu

Asn

130

Val

Pro

Phe

Ile

Tyr

210

Leu

Ala

Thr

Gly

Leu
290

His

Glu

Asn

Leu

35

Ala

His

Asn

Lys

Glu

115

Ala

Leu

Thr

Asp

Ile

195

Ser

Leu

Pro

Ala

Glu

275

Asp

Asp

Gln

Glu

20

Gly

Leu

Phe

Ala

Val

100

Asn

Leu

Glu

Thr

His

180

Cys

Arg

Asp

Arg

Pro

260

Asp

Met

Ser

Met

SEQ ID NO 30
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

336

30

Leu Asp

Val Gly

Val Glu

Leu Asp

Cys Pro
70

Lys Ser
85

His Leu

Gln Leu

Tyr Ala

Asp Gln
150

Asp Ser
165

Gln Gly

Gly Leu

Ala Arg

Leu Pro
230

Leu Ser
245

Pro Thr

Val Ala

Leu Gly

Ala Pro
310

Phe Thr
325

SEQ ID NO 31
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:

1017

tTA

Lys

Ile

Gln

Ala

55

Leu

Phe

Gly

Ala

Leu

135

Glu

Met

Ala

Glu

Thr

215

Asp

Phe

Asp

Met

Asp

295

Tyr

Asp

Ser

Glu

Pro

40

Leu

Glu

Arg

Thr

Phe

120

Ser

His

Pro

Glu

Lys

200

Lys

Asp

Leu

Val

Ala

280

Gly

Gly

Ala

Lys

Gly

Thr

Ala

Gly

Cys

Arg

105

Leu

Ala

Gln

Pro

Pro

185

Gln

Asn

Asp

Pro

Ser

265

His

Asp

Ala

Leu

Val

10

Leu

Leu

Ile

Glu

Ala

90

Pro

Cys

Val

Val

Leu

170

Ala

Leu

Asn

Ala

Ala

250

Leu

Ala

Ser

Leu

Gly
330

Ile

Thr

Tyr

Glu

Ser

75

Leu

Thr

Gln

Gly

Ala

155

Leu

Phe

Lys

Tyr

Pro

235

Gly

Gly

Asp

Pro

Asp
315

Ile

Asn

Thr

Trp

Met

60

Trp

Leu

Glu

Gln

His

140

Lys

Arg

Leu

Cys

Gly

220

Glu

His

Asp

Ala

Gly

300

Met

Asp

Ser

Arg

His

45

Leu

Gln

Ser

Lys

Gly

125

Phe

Glu

Gln

Phe

Glu

205

Ser

Glu

Thr

Glu

Leu

285

Pro

Ala

Glu

Ala

Lys

30

Val

Asp

Asp

His

Gln

110

Phe

Thr

Glu

Ala

Gly

190

Ser

Thr

Ala

Arg

Leu

270

Asp

Gly

Asp

Tyr

Leu

15

Leu

Lys

Arg

Phe

Arg

95

Tyr

Ser

Leu

Arg

Ile

175

Leu

Gly

Ile

Gly

Arg

255

His

Asp

Phe

Phe

Gly
335

Glu

Ala

Asn

His

Leu

80

Asp

Glu

Leu

Gly

Glu

160

Glu

Glu

Ser

Glu

Leu

240

Leu

Leu

Phe

Thr

Glu
320

Gly
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<223> OTHER INFORMATION: tTAV

<400> SEQUENCE: 31

atgggcagcee gectggataa gtccaaagtce atcaactceeg cgttggaget gttgaacgaa 60
gttggcattyg agggactgac gacccgcaag ttggcgcaga agctgggegt ggagcagecce 120
accctetact ggcacgtgaa gaataagegg gegetgetgg atgecctgge catcgagatg 180
ctecgaccgee accacacgca tttttgeceg ttggaaggeg agtectggea ggacttecte 240
cgcaataacg ccaagtcgtt ccgctgeget ctgetgtece accgagacgyg tgccaaagte 300
catcteggca cgcgeccgac cgaaaagcaa tacgagacac tggagaacca gctcegegtte 360
ctgtgccage aaggcttcag cctggaaaat getctctacyg ctetgagege cgteggtcac 420
tttaccctgg gctgegtgcet ggaggaccaa gagcatcaag tcegcaaaaga ggagcgcgag 480
accccaacaa ccgattcgat geccccactg ctgegtcagyg caatcgaget gttcegatcat 540
caaggagcceg agccggeatt cctgttegge ttggagetga ttatctgegyg attggaaaag 600
caactgaaat gcgagtcggg ctecgggeccce gegtacagece gegegcegtac gaaaaacaat 660
tacgggtcta ccatcgaggg cctgctegat cteccggacyg acgacgcccece cgaagaggcg 720
gggetggegy ctecgegect gtectttete cccgegggac acacgcegcag actgtcgacyg 780
geeeccccga ccgatgtcag cctgggggac gagctcecact tagacggega ggacgtggeg 840
atggcgcatg ccgacgegcet agacgattte gatctggaca tgttggggga cggggattce 900
cegggtecgg gatttacccee ccacgactee geccectacyg gegetetgga tatggecgac 960
ttcgagtttg agcagatgtt taccgatgcce cttggaattg acgagtacgg tgggtag 1017

<210> SEQ ID NO 32

<211> LENGTH: 338

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: tTAV

<400> SEQUENCE: 32

Met Gly Ser Arg Leu Asp Lys Ser Lys Val Ile Asn Ser Ala Leu Glu
1 5 10 15

Leu Leu Asn Glu Val Gly Ile Glu Gly Leu Thr Thr Arg Lys Leu Ala
20 25 30

Gln Lys Leu Gly Val Glu Gln Pro Thr Leu Tyr Trp His Val Lys Asn
35 40 45

Lys Arg Ala Leu Leu Asp Ala Leu Ala Ile Glu Met Leu Asp Arg His

His Thr His Phe Cys Pro Leu Glu Gly Glu Ser Trp Gln Asp Phe Leu
65 70 75 80

Arg Asn Asn Ala Lys Ser Phe Arg Cys Ala Leu Leu Ser His Arg Asp
85 90 95

Gly Ala Lys Val His Leu Gly Thr Arg Pro Thr Glu Lys Gln Tyr Glu
100 105 110

Thr Leu Glu Asn Gln Leu Ala Phe Leu Cys Gln Gln Gly Phe Ser Leu
115 120 125

Glu Asn Ala Leu Tyr Ala Leu Ser Ala Val Gly His Phe Thr Leu Gly
130 135 140

Cys Val Leu Glu Asp Gln Glu His Gln Val Ala Lys Glu Glu Arg Glu
145 150 155 160

Thr Pro Thr Thr Asp Ser Met Pro Pro Leu Leu Arg Gln Ala Ile Glu
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165 170 175

Leu Phe Asp His Gln Gly Ala Glu Pro Ala Phe Leu Phe Gly Leu Glu
180 185 190
Leu Ile Ile Cys Gly Leu Glu Lys Gln Leu Lys Cys Glu Ser Gly Ser
195 200 205
Gly Pro Ala Tyr Ser Arg Ala Arg Thr Lys Asn Asn Tyr Gly Ser Thr
210 215 220

Ile Glu Gly Leu Leu Asp Leu Pro Asp Asp Asp Ala Pro Glu Glu Ala
225 230 235 240
Gly Leu Ala Ala Pro Arg Leu Ser Phe Leu Pro Ala Gly His Thr Arg

245 250 255
Arg Leu Ser Thr Ala Pro Pro Thr Asp Val Ser Leu Gly Asp Glu Leu

260 265 270
His Leu Asp Gly Glu Asp Val Ala Met Ala His Ala Asp Ala Leu Asp
275 280 285
Asp Phe Asp Leu Asp Met Leu Gly Asp Gly Asp Ser Pro Gly Pro Gly
290 295 300

Phe Thr Pro His Asp Ser Ala Pro Tyr Gly Ala Leu Asp Met Ala Asp
305 310 315 320
Phe Glu Phe Glu Gln Met Phe Thr Asp Ala Leu Gly Ile Asp Glu Tyr

325 330 335
Gly Gly
<210> SEQ ID NO 33
<211> LENGTH: 4455
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: pUHD15-1
<400> SEQUENCE: 33
ctcgaggage ttggeccatt gecatacgttg tatccatatce ataatatgta catttatatt 60
ggctcatgte caacattacc gccatgttga cattgattat tgactagtta ttaatagtaa 120
tcaattacgg ggtcattagt tcatagccca tatatggagt tcecgegttac ataacttacg 180
gtaaatggce cgectggetyg accgeccaac gacccecgece cattgacgtce aataatgacy 240
tatgttccca tagtaacgcc aatagggact ttccattgac gtcaatgggt ggagtattta 300
cgctaaactyg cccacttgge agtacatcaa gtgtatcata tgccaagtac gcccectatt 360
gacgtcaatyg acggtaaatg gccecgectgg cattatgcce agtacatgac cttatgggac 420
tttcctactt ggcagtacat ctacgtatta gtcatcgcecta ttaccatggt gatgceggttt 480
tggcagtaca tcaatgggcg tggatagegg tttgactcac ggggatttece aagtctccac 540
cccattgacg tcaatgggag tttgttttgg caccaaaatc aacgggactt tccaaaatgt 600
cgtaacaact ccgccccatt gacgcaaatg ggcggtagge gtgtacggtyg ggaggtctat 660
ataagcagag ctcgtttagt gaaccgtcag atcgectgga gacgccatce acgetgtttt 720
gacctccata gaagacaccg ggaccgatcce agectecgeg gecccgaatt catatgtceta 780
gattagataa aagtaaagtg attaacagcg cattagagct gcttaatgag gtcggaatcg 840
aaggtttaac aacccgtaaa ctcgcccaga agetaggtgt agagcagect acattgtatt 900
ggcatgtaaa aaataagcgg gctttgctceg acgcecttage cattgagatg ttagataggce 960
accatactca cttttgcecct ttagaagggg aaagctggca agatttttta cgtaataacg 1020
ctaaaagttt tagatgtgct ttactaagtc atcgcgatgg agcaaaagta catttaggta 1080
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cacggcctac agaaaaacag tatgaaactc tcgaaaatca attagccttt ttatgccaac 1140
aaggtttttc actagagaat gcattatatg cactcagcgc tgtggggcat tttactttag 1200
gttgcgtatt ggaagatcaa gagcatcaag tcgctaaaga agaaagggaa acacctacta 1260
ctgatagtat gccgccatta ttacgacaag ctatcgaatt atttgatcac caaggtgcag 1320
agccagectt cttattcgge cttgaattga tcatatgegg attagaaaaa caacttaaat 1380
gtgaaagtgg gtccgcgtac agccgcgege gtacgaaaaa caattacggg tctaccatcg 1440
agggectget cgatcteccg gacgacgacg cecccgaaga ggeggggetyg geggetecege 1500
gectgtectt teteecccegeg ggacacacge gcagactgte gacggeccce ccgaccgatg 1560
tcagectggg ggacgagetce cacttagacg gegaggacgt ggcgatggeyg catgecgacg 1620
cgctagacga tttcgatctg gacatgttgg gggacgggga ttcccegggt ccgggattta 1680
ccecccacga ctecegeccee tacggcegcecte tggatatgge cgacttcgag tttgagcaga 1740
tgtttaccga tgcccttgga attgacgagt acggtgggta gggggcgcga ggatccagac 1800
atgataagat acattgatga gtttggacaa accacaacta gaatgcagtg aaaaaaatgc 1860
tttatttgtg aaatttgtga tgctattgct ttatttgtaa ccattataag ctgcaataaa 1920
caagttaaca acaacaattg cattcatttt atgtttcagg ttcaggggga ggtgtgggag 1980
gttttttaaa gcaagtaaaa cctctacaaa tgtggtatgg ctgattatga tcctgcaage 2040
ctegtegtet ggccggacca cgctatctgt gcaaggtcece cggacgcgeg ctceccatgagce 2100
agagcgecceg ccgecgagge aagacteggg cggegcecctyg ceegteccac caggtcaaca 2160
ggcggtaacc ggcctcecttca tcgggaatge gecgcgacctt cagcatcgec ggcatgtecce 2220
ctggcggacg ggaagtatca gctcgaccaa gcttggcgag attttcagga gctaaggaag 2280
ctaaaatgga gaaaaaaatc actggatata ccaccgttga tatatcccaa tggcatcgta 2340
aagaacattt tgaggcattt cagtcagttg ctcaatgtac ctataaccag accgttcagc 2400
tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg cgctcttecg 2460
ctteccteget cactgacteg ctgecgcetcegg tegttegget geggcgageg gtatcagetce 2520
actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt 2580
gagcaaaagyg ccagcaaaag gccaggaacc gtaaaaaggc cgegttgetg gegtttttec 2640
ataggctceg ccccectgac gagcatcaca aaaatcgacyg ctcaagtcag aggtggcgaa 2700
acccgacagg actataaaga taccaggcgt ttceccccecetgg aagctcecccte gtgegcetcete 2760
ctgttccgac cctgeccgett accggatacce tgtceccgectt tetceecctteg ggaagegtgg 2820
cgctttetca atgctcacge tgtaggtatce tcagttceggt gtaggtcgtt cgctccaagce 2880
tgggctgtgt gcacgaaccce cccgttcage ccgaccgcetg cgcecttatce ggtaactatce 2940
gtcttgagte caacccggta agacacgact tatcgccact ggcagcagcec actggtaaca 3000
ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact 3060
acggctacac tagaaggaca gtatttggta tctgcgetcect gectgaagcca gttacctteg 3120
gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtagce ggtggttttt 3180
ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct 3240
tttctacggg gtctgacgcet cagtggaacg aaaactcacg ttaagggatt ttggtcatga 3300
gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt tttaaatcaa 3360
tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc agtgaggcac 3420
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ctatctcagc gatctgtcta tttecgttcat ccatagttge ctgactccece gtegtgtaga 3480
taactacgat acgggagggc ttaccatctg gccccagtge tgcaatgata ccgcgagacce 3540
cacgctcace ggctccagat ttatcagcaa taaaccagec agcecggaagyg gccgagegca 3600
gaagtggtcc tgcaacttta tccgcctecca tceccagtctat taattgttgce cgggaagcta 3660
gagtaagtag ttcgccagtt aatagtttgc gcaacgttgt tgccattgcet acaggcatcg 3720
tggtgtcacg ctcgtegttt ggtatggctt cattcagetc cggttcccaa cgatcaaggce 3780
gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctecctteggt cctecgatceg 3840
ttgtcagaag taagttggcc gcagtgttat cactcatggt tatggcagca ctgcataatt 3900
ctcttactgt catgccatcc gtaagatgct tttetgtgac tggtgagtac tcaaccaagt 3960
cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggcgtca atacgggata 4020
ataccgcgcece acatagcaga actttaaaag tgctcatcat tggaaaacgt tcecttcecggggce 4080
gaaaactctc aaggatctta ccgctgttga gatccagttc gatgtaaccc actcgtgcac 4140
ccaactgatc ttcagcatct tttactttca ccagcgtttc tgggtgagca aaaacaggaa 4200
ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata ctcatactct 4260
tcetttttca atattattga agcatttatce agggttattg tctcatgage ggatacatat 4320
ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttccce cgaaaagtgce 4380
cacctgacgt ctaagaaacc attattatca tgacattaac ctataaaaat aggcgtatca 4440
cgaggccectt tegte 4455

The invention claimed is:

1. A repressible insect gene expression system, said system
comprising:

(1) a lethal gene encoding a transcriptional control factor,
which is a tTA gene product or a repressible variant
thereof, wherein the lethal gene is modified to at least
partially follow optimized codon usage in an insect for
which the system is used; and

(ii) a promoter operably linked to the lethal gene,

wherein the transcriptional control factor positively con-
trols transcription from said promoter,

which is substantially inactive in the absence of the tran-
scriptional control factor,

wherein the positive control is repressible,

wherein the lethal gene is substantially capable of reducing
viability of an insect comprising the system when de-
repressed, and

wherein the insect is selected from the group consisting of
mosquito, bollworm and medfly.

2. The system according to claim 1, wherein an enhancer is

operably linked with the promoter.

3. The system according to claim 2, wherein the enhancer
comprises one or more tetO operator units operably linked
with the promoter.

4. The system according to claim 3, wherein the transcrip-
tional control factor is a tTAV or tTAF.

5. The system according to claim 1, wherein the promoter
is a minimal promoter.

6. The system according to claim 5, wherein the promoter
is selected from: hsp70, a P minimal promoter, a CMV mini-
mal promoter, an Act5C-based minimal promoter, a BmA3

35

40

45

60

promoter fragment, an Adh core promoter, and an ActS5C
minimal promoter, and combinations thereof.

7. The system according to claim 1, wherein the promoter
is obtained from, or is a fragment of, CMV or Hsp70.

8. The system according to claim 1, further comprising
another gene under the control of another promoter, wherein
the transcriptional control factor positively controls tran-
scription from said another promoter, wherein the positive
control is repressible.

9. The system according to claim 1, wherein the expression
of the transcriptional control factor is selective for sex, spe-
cies, developmental stage or tissue.

10. The system according to claim 1, wherein the system
comprises at least two cistrons.

11. The system according to claim 1, wherein the system is
bounded by insulator elements.

12. The system according to claim 11, wherein the ele-
ments are non-identical insulators.

13. A vector comprising the system of claim 1.

14. The vector according to claim 13, further comprising a
sequence encoding an expression marker.

15. The vector according to claim 14, wherein the expres-
sion marker is a fluorescent protein or resistance marker.

16. The system of claim 1, wherein the lethal gene has a
fatal effect on insect embryos or larvae, but not adult insects,
when de-repressed.

17. An insect comprising the repressible insect gene
expression system of claim 1, wherein the insect is selected
from the group consisting of mosquito, bollworm and medfly.
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